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HYDROSTATICS; 



DEFINITION^. 

(Art. 1.) XnE science which treats of the uBivlf^ 
tind properties of Fluids has been usually divided into 
the following branches; Htfdrdsiatics, which com-^ 
prises the doctrine of the equilibriuiti of nbn-elastic 
fluids^ as water, mercury, &c. ; Hydraulics^ which 
relates to the motion of those fluids ; and Pneumatics, 
Which treats of the properties of the different kinds of 
airs. But these are now alt included' under the gene'' 
ral term Hydrostatics. 

(2.) A Fluid is a body whos^ parts &re put in ntiotion 
bhe sitnongst another by any force impressed; and 
which, when the impressed force is removed, restore* 
itself to it*s former state** 

Fluids may be divided into (slastic and hon-elastici 
An elastic fluid is one, whose ditnensions are diminished 
by increasing the pressure, and incr^a^ed by diminish- 
ing th6 pressui'e upon it ; of which description are the 
diflerent kinds of airs. A non-etastit fluid is one, whos^ 
diiiiensions ar^ not^ at least as to sense, affected by 
atiy increase of pressure, as water, mercury, &c. As 
many bodies, by cold, fi^om a state of fluidity b^^ome 



• By it's former state, we do not mean that every article is 
re-instated in it's former situation, but thai the whole body recd'Ter^ 
it's former dimeilsicihs and figure. 
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2 DEFINITIONS. 

solids^ such bodies arc fluids so long as their sur- 
iaces^ when disturbed, will restore themselves to their 
former position. The definition supposes a partial 
pressure; for if the fluid be incompressible^ under 
an equal and general pressure none of the parts will 
be moved. Difl^erent fluid* have different degrees of 
fluidity, according to the facility with which the 
particles ara movra oi)e anqiongit another* Water and 
mercury are the most perfect non-^elastic fluids. 
Migiy fluids have a very sensible degree of tenacity, 
and are therefore called imperfect fluids. Besides the 
fluids which come under this definition, there are 
others, as the electric and magnetic fluids light, and 
fire according to the opinion of some^ &c. but these 
are not the objects of Hydrostatics. 

(3.) The specific gravity of a body is it's weight, 
compared with the weight of another body whose 
ms^nitude is thp sume. 

(4.) The density pf a body is as the Quantity of 
matter contained in a given space, , ana therefore 
(Meeh. Art. 26.) in proportion to il's weight, when 
the magnitude i^the same. 

(6.) Cor. 1. Hence, the specjfic gramty of a 
body is in proportion to it's density. 

A cubic inch of pure mercury is ^bout fourteen 
times heavier than a cubic inch of water ; the specific 
gravity and density of the former are therefore about 
fouiieen times that of the latter. As the weight of a 
body is in proportion to it's quantity of matter {^Me^ 
chanics^ Art. ao.) the specific gravity and density of a 
body are also in proportion to it's quantity of matter, 
infhen the magnitude is the same. 

(6.) Cor. 2. If the magnitude of a body be in- 
ct>eased, the density remaining the same, the quantity 
of matter, and oonseqqently the weight, will be in- 
creased in the same proportion r Hence, if the mag- 
nitude M, and density JD, both vary, the quantity of 
matter, and. consequently the weight of the body, will 
vary as ilf x D, by the composition of ratios. 
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SCHOLIUM. 

(7.) We know 80 little of the nature and ctonstitdtioif 
of fluids, that the applieatioo of the general principles 
of motion to the ioTestigation eS the eflSectt produced 
by their . action, h sniqect to great uncertainty. That 
the diflferent kinds of airs are constituted df particks 
endued with repulsive powers^ is manifest from their 
expansion^ when the foree with which they are com- 
pressed is removed^ The particles b^ng kept at a di- 
stance by their mutmil repulsion^ it is easy to conceive 
that th^ may move very freely amot^st each otber> 
and that this ifiotion may take place in all directioni^ 
each particle exerting iVs repukive power equally on 
all sides. Thus &r we arc! ac({uariated with the eon^ 
stittttion of these iuids^ but with what degree of 
faicitity the particles mdvev and how this may be 
kfiected under difierent degreea <^ eompression, are 
circHmetances of which w6 are totally ignoraint^ With 
respect to the najtnre of those fluids which ale deaa* 
miqated li(|nids/ we are Still less acquainted^ If we 
siippose their particles to be in contact^ it is very diffi-* 
cult to eonceive hdw they can move amongst each 
other With swAk estrelne fecitity, and produce eSects in 
directions opposke to the impressed fbree^ without any 
sensible lo^ of motion. To aoeouat for this, the 
particles hate» by somey been supposed to be perfectly 
smooth and spherieaK If we were Ui admit this sup- 
position^ it would yet remasn to be shown how it 
would 9fAyt all the pbaenoniena» for it is by no means 
self^fident that it would* If the particles be not in 
contact^ they must be kept at a distance by sonie 
repnlsftve power. But it is manifest that these particles 
attract each dther^ from the drops of all perfect fluids 
endeavouring to form themselves into spheres. We 
must therefore admat in this case both jk>wers, and that 
where one power ends the other begins, agreeably to 

A 2 



4 DEFINITIONS. 

Sir I. Newton's* idea of what takes place, not only 
in respect to the constituent particles of bodies, but to 
the bodies themselves. The ittcompressibility of liquids 
(for I know no decisive experiments whicli have proved 
them to be compressible) seems most to favour the 
former supposition, unless we admit, in the latter hy- 
pothesis, that the repulsive force iis greater than any 
human power which can be applied. The expansion 
of Water by heat, and the possibility of actually con- 
verting it into two permanent elastic fluids, according 
to some late experiments, seem to prove that a repuU 
sive power exists between "the particles, for it is bard 
to conceive that heat can actually create any such new 
powers, or that it can of itself produce any such 
effects. ^ 

A fluid being composed of a(l indefinite number of 
corpivscles^ we must consider it's action, either as the 
joint action of all the corpuscles, estimated as so many 
distinct bodies, or w6 must consider the action of the 
whole as a mass, or as one body. In the former case, 
the motion of the particles being subject to no regu- 
larity, or at least to none that can be discovered by any 
experiments, it is impossible; from this consideration, 
to Compute the eflfect ; for no calculation of efiects 
can be applied, when produced by causes which are 
subject to no law. Anc^ in the latter case, the effects 
of the action of one fluid upon another differ so much, 
in many respect&f, from what would be it's action as a 
solid body, that a computation of rt^s effects can by 
no means be deduced firom the same principles. In 
Mechanics, no equilibrium can take place betweeh two 
bodies of different weights, unless the lighter acts at 
some mechanical advantage ; but in Hydrostatics, a 
very small weight of fluid may, without it's acting at 
any mechanical advantage whatever, be made to 
balance a weight of any magnitude. In Mechanics, 
bodies act only in the direction of gravity ; but the 
property which fluids have of acting equally in alt 
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* See his Optics^ Que. 31. 



DEFINITIONS. O 

directions^ produces effects of such an extraordinary 
nature, as to surpass the power of investigation. The 
indefinitely small corpuscles, of which a fluid is com- 
posed, probably possess the same powers, and would 
be subject to the same laws of motion, as bodies of 
finite magnitudes, could any two of them act upon 
each other by contact; but this is a circumstance 
which certainly never takes place in any of the aerial 
fluids, and probably not in any liquids. Under the 
circumstances, therefore^ of an indefinite number of 
bodies acting upon each other by repulsive powers, or 
by absolute contact^ under the uncertainty of the fric- 
tion which may take place, and of what variation of 
effects may be produc^ed by dififerent degrees of 
compression^ the conclusions deduced from any theory 
must be subject to considerable errors, except from 
that which is founded upon sucl^ experiments^ as in* , 
elude in them the consequences of those principles 
which are liable to any degree of uncertainty. 

Sir I. Newton seems to have been well aware of 
all these difliculties, and therefore, in his Principia, he ' 
has deduced his lav^s of resistance, and the principles 
upon which the times of emptying vessels are founded^ 
entirely from experiment. He was too cautious to 
trust to theory alone, under all the uncertainties to 
which, he appears to have beejo sensible, it must be 
subject. He had^ in a preceding part of that great 
worky deduced the general principles of motion^ and 
applied them to the solution of problems which had 
never before been attempted; but when he came to 
treat of fluids, he saw it was necessary to establish hi$ 
principles upon experiments; principles, not indeed 
mathematically true, like his general' principles of 
motion before delivered, but, under certain limita- 
tions^ sufficiently accurate for practical purposes. ^ The 
principles therefore upon which we reason in this 
branch of philosophy, must be considered as depending 
upon .direct experiments adapted to the particular* 
cases, rather than upon the general principles of equi- 
librium and motion, as applied in Mechanics. 



Sect. I. 



ON THE 

PftESSURi: OF NON.ELASTIC FLUIDS. 

Prop. I, 
ftuids press equally in all directions. 

(8.) JtoR if any liquid be put into a vessel, and 
glass tubes, straight, or bent at any angle^ be put into 
the fluid, the fluid will rise in all the tubes to the 
height of the surface of the liquid in the vessel. Also^ 
a vessel is found to empty itself in the same time 
through an hole at the same depth, whether the fluid 
spouts downwards, horizontally, upwards^ or in any 
other direction. 

(9.) That the pressure upwards is equal to the pres*- 
sure downwards, is one of the most extraordinary pro- 
perties of fluids^ and can be conceived to arise only 
from the perfect freedom with which the particles 
move amongst each other, which freedom of motion 
is, probably, owing to the particles being kept at a 
distance by a repulsive power residing in them. This 
is one remarkable difference between fluids and solids, 
solids ^pres$ing only downwards^ or in the direction of 
jgravity. 

Peop. II. 

The pressure upon any particle of a Jiuid, whos^ 
denidty is uniform^ is in proportion to tfs perpendi^ 
fiilar distance from the surface of the fluid. 



NON- ELASTIC FLUIDS. 



(lO.)CAflEi. Let ^BCD be a vmhI filled with such 
a fluid, and draw s% perpendicular to the homoo. 
Now the pretsurb is in proportion to the weight, or 
number of incumbent particles; and ae the density of 



the fluid is uniform, and consequently all the particles 
are at the same distance from each other, we have xrf. : 
XX '.: the number of particles incumbent upon y : the 
number incumbent upon z :: the preasure on y : the 
pressure on z. 

Casc 2. Hence, if the sides of the vessel ABCD 
be not perpendicular to the bottom, the pressure upon 
any point of BC will still be in proportion to it's per- 
pendicular depth. For produce DA to a, and clraw 
Ba, Cc perpendicular to Da; and conoeive DaBC to 
be a vessel filled with the same fluid ; then the pressure 



on s is as zx, there being actually that perjxndicular 
depth of the fluid incuml^nt upon it. Now instead of 
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supposing the fluid ABCD to be kept in it's positioa 
by the other part of the fluid AaB, conceive it to be 
kept in that position by the side AB of the vessel, and 
the eflect must remain the same ; for it can manifestly 
make no difiei^nce bv what body the fluid ABCD 19 
kept in it's place. H^nqe, whatever be the form of 
.the sides, ^ the pressure on BC will be the same as if the 
sides were perpendicular to the surface of the fluid, and 
the perpendicular height the same. 

(|[1.) That the pressure at any point x is equivalent 
to the weight of a column xz^ appears from this exper 
riment, that, if any where in ABj a hole be made 
perpendicular to ^4 a, a perfect fluid will spout upwards 
very nearly as far as Aa, the defect being no more 
than what may be supposed to arise from the resistance 
of the ipr^, ^nd ^he falling back of the upper parts of 




the fluid. The want therefore of an actually incumbent 
coIum^ xz of fluid at any point x of AB^ is supplied 
by the reaction of the side AB downwards against the 
fluid. Also, let any two tubes be connected, and 
however they may differ in magnitude or inclination, 
if a fluid be put into one, it will always rise to the 
same perpendicular altitude in the other. These ex-: 
periments therefore also prove, that fluids press ia 
proportion to their perpendicular depths, and that the 
pressure is not to be estiipated by the weight. 

(12.) Upon these two principles, that fluids press 
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«qBaHj in all directions, and in proportion to thnr 
perpendicnlBr depths, depends tne exfJanation of 
the following eKperimenti called the hydrostatical 
Paradox. AB, CD are two round parallel boards; 
connected by leather like a pair of bellows ; zssv is a 
brass pipe entering into the cavity> and into which 
the glass tube zr is fixed. Throagh an orifice at o 
a quantity of wpter is poured in, to keep the t^ and 
bottom at some distance from each other, and then it 
JB stopped by a screw. Now let a very large weight ff^ 
be laid upon the top AB, and the water in the tube 
will rise to some height xjf, and there it will rest, the 
smajl weight of water in xy balancing the weight W^ 



which may be 1000 or 10000 times greater than the 
weight of that water, according to the size of the tube; 
and this weight fV will always be found equal to the 
weight of a cylinder ABFE of fluid, whose surface EF 
is upon a level with y. The principles before men- 
tioned will thus explain this extraordinary circum- 
stance. The fluid at j:, the bottom of the tube, is 
pressed with a force proportional to the perpendicular 
altUude xy j this pressure is communicated horizontally 
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io the directum xDC to all the particles, and the 
preBtura 80 communicated acts equally in all direc- 
tions ; the presBure therefore downwards upon the 
bottom DC IS just the same as it would be, if DEFC 
were a cylinder of water ; and U is manifest that if we 
take away the part ABFE, and place an equal weight 
H^ to act upon the other part ABCD, the effect will 
remain the same, or there will be an equilibrium. 



Prop. HI. 

The surface of every Jlmd at rest, is korizontcd. 

(13.) For conceive the surface .^i) not to be hori- 
zontal, and draw Ans parallel to the horizon, and mn, 
rs perpendicular to it. Then (Art. 10.) the pressures 
at s and R are as rs and mn; and (Art, 8.) 6uids 



pressing equally in all directions, the particle at n 
would be driven towards A; the fluid therefore would 
not remain at rest. But when A^ becomes hori- 
zontal, these pressures become equal, and the fluid 
remains at rest. 

(14.) Cor. In like manner it appears, that if there 
be two fluids in the same vessel which do not mix, 
their common surface will be parallel to the horizon. 
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Prop. IV. 



, If the sides of a vessel AhCD,Jiiled with afiuid, be 
perpendicular to it^s bottom which is parallel to the 
horizon, the pressure vpon the bottom will be equal to 
the weight of thejluid. 

(15.) For the reaction of the sides of the vessel against 
the fluid, being perpendicular to the sides, or parallel 
to the bottom, it can neither increase nor diminish 
the pressure of the fluid against the bottom ; also, the 
force of gravity acting parallel to the sides, they can 
take off no part of the weight of the fluid, nor increase 



it's pressure upon BC; the pressure therdbre upon the 
bottom must be simply the weight of the fluid. 

(16.) Cor. Hence, (Art. 6.) in different vessels of 
this description, containing different fluids, the pres- 
sures are as the areas of ^e bottoms x depths x spe- 
cific gravities, because the magnitude^the urea ^ the 
bottom K depth. 

Prop. V. 

Let the bottom BC he obligite to the sides, and also 
so small, that the wfutle may be conceived to be of 
the same depth ; then th^ pressure perpendicular to BC 
mil be as BC x depth. 

(If.) For the number of particles in contact with 
JBC is as BC, Also, fluids press equally in all diiec- 
^ons, and in proportion to their depths (Art. 8. 10.), 
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and the whole pressure on BC must be as the number 

IB 




of particles x the pressure of each ; hence, the pres^ 
pure perpendicular to BC is as BC x depth. 

Prop. VL 

The pressure exerted upon BC downwards, or in the 
direction of gravity j is equal to the weight of the fluid, 

(18.) Draw CE perpendicular to BC, BE to BA, 
and CF to BE. Now let CE represent the pressure 
{P) perpendicular to J5C, which resolve into CF, FEy 
then CF is that part which acts downwards ; also, let 
p ^present the pressure downwards, ir the pressure 
which would act upon BF as the bottom, or the 
weight of the fluid by Art. 15. Hence, 
pi P :: CF : PE :: (by sim. trian.) BF : BC, 
P :w:: BCx depth : BF x depth :: BC : BF, 

.\p: w:: BFxBC : BC x BF ; 
hence, pszir. 

The same may be inferred directly, from the reason? 
ing in Art. 15. 

Prop. VII. 

The pressure of a fluid against any surface, in a di- 
rection perpendicular to it, varies as the area of the 
surface multiplied into the depth of ifs centre of 
gravity below the surface of the fluid. 

(19.) Let ABC be a vessel, AB the surface of the 
fluid; ACB the surface pressed, G it's centre of grar 
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vit^, and divide ACB into an indefinite number of 
parts m, n, o, &c. and draw GQ, mx, ny, 02, &c. per- 
pendicular to AB. Now every part of the indefloiteiy 
sOiall surface m may be conceived to be at the same 
perpendicular depth mx ; also, (Art 10.) the pressure at 
m is in proportion to it's depth, and that pressure is 
exerted equally in all directions ; hence, the pressure 



on m perpendicular to that surfece isasmxmx; ctsa-' 
aequently the whole pressure exerted on ACB, in r 
direction perpendicular to the surfece at every point, 
will beasmxmaJ + nxn^-fox oz +&c. But (by 
Mechanics, Art. 172;) if we considtr m, n, o, &c. 
as representing weights in proportion to their fespec- 
tive magnitudes, and the surface ACB to represent 
a proportional weight, then mxmx-\-nxny-\-oxoz 
+ Scx:. =ACBxGQ; hence, the whole pressure per- 
pendicular to the surfece varies as ACB x GQ. 

(20.) Cor. 1. The same pressure is equal to the 
weight of a cylinder of the same fluid, the area of whose 
bottom is equal to the surface ACB, and altitude GQ. 
For the areas pressed, and the depths of the centres of 
gravity, are equal in the two cases, therefore the pres- 
sures are equal. But (Art. IS.) the pressure on the 
bottom of a cylinder is equal to the weight of the fluid 
contained in it; consequently the pressure on the sur- 
face ACB is equal to the same weight. 

(21.) Cor. 2. The pressures ofdifierent fluids against 
different surfeces, will be. as the areas x depths of their 
centres of gravity x specific gravities of the fluids. 
For it is manifest that, ccBteris paribus, the pressures 
must be as the weights, or as the specific gravities 
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(Art. 3*) ; thus, if the same vessel be filled with mercury 
and water, the specific gravity, or weight, of the former, 
will be 14 times that of the latter, and consequently 
the pressure must be 14 times greater. Hence^ for 
different vessels, combining this ratio with that inl 
Art. 19. we have the whole pressure as above. 

(22.) Cor. i. The pressure against the side of a 
cubical vessel filled with a fluid s=:| the pressure against 
the bottom ; for the area pressed is the same, and the 
depth of the centre of gravity in the former case = 
i that in the latter. Hence, the pressure against the 
side=^ the weight of the fluid. 

(23.) Cob. 4. Let a cylinder, the altitude of which 
is Ui and diameter of it*s base d, be filledi with a fluid ; 
then if pi=:3,14]&9 &C. the area of the base=-l-pi^^ 
and the. area of the 9\des=pda; hence, the pressure 
on the bottom : the pressure on die side :: -i^pd^a : 
^pdc^ :: d : 2a. If two equal c}4iTiders be filled, onef 
with mercury and the other with water, then, the 
pressure on the base of the former : the pressure on the^ 
sides of the latter :: I4d : 2a :: fd : a. 



(24.) CoR. 5. hetxt/ be the surface of a fluid, ABCD 




a CD perpendicular to it; draw EF parallel 'to AB, 
and bisect AE in r, and ED in w\ then Av^ AtU 
will be the depths of the centres of gravities of ABFE 
and EFCD. Hence^ the pifessures on these Os are 
as ABFExAv : EFCD x Aw :: AExAv : EDx 
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Aw.'.ABxiAtl aU^AEx^^^^^ :: AE* i 

. Prop. VIII. . 

* 

Ifd vessel bellied with a fluid, the pressure on any 
part : the whole weight of the fluid : : the area of that 
part X the depth of it's centre of gravity : the solid 
C9nt6fkt of the fluid, 

(3d.) By Art. 15. the pressure on the base of a cylin- 
der filled with fluid = it's weight ; also, the weight of 
the same fluid is in proportion to it*s solid content. 
Let a vessel of any form be filled with a fluids and let 
-^ = any part of it's surface, Da the depth of it^s centre 
of gravity, P = the pressure upon it, and fV = the 
whole weight of the fluid, S =r it's solid content ; and 
let a cylinder, whose base == a and altitude dy be filled 
with the same fluid, and let p be the pressure on it's 
bottom, w tlie weight of the fluid, s it's solid content ; 
then by Art. I9. 

P : p :: Ax D : axd) but by Art. 16. w^p,\ 
Also^ w : tV :: s : S ] also * = a x d\ hence, 

P iWv. AxD: S. 

(26O Cor. 1. If a cone, standing on its base, be 
filled with a fluid, and A == the base, we have St^^A 
X D ; conseauently the pressure on the base ;= three 
times the weight of the fluid. 

(27.) CoiL 3. If a hollow sphere be filled with a fluids 
tb^ pressure P against the whole internal sorface {A) m 
three times the weight of the fluid ; for the centre of 
gravity of the surface is in the centre of the sphere, 
whose depth D below the upper point of the fluid must 
therefore be equal to the radius R of the sphere ; and 

S:^i-A X R:9^A X D, 

(28.) Hitherto we have considered the whole pressore 
of a 9mA against sny surface in a direction perpendi- 
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cidar to every point of it ; but in this case, the effect on 
one part may partly destroy the eflfect on another, by 
their not acting in the same direction . Sinde we do flat 
therefore thus get the whole joint efiect in any direc- 
tion, let us next consider what is the whole pressure 
against any pt&ne in the direction of gravity. 

Prop. IX. 

The pressure ofajiaid downwards against the sides 
and bottom (rf any vessel, is equal to the weight of the 
whole Jluid, provided there be, over everypart of the sides 
and bottom, a perpendicular column of thejtuid reach- 
ing to the surface. 

(39.) Let Awzon B be such a vessel filled with a fluid 



iVhose siiriace is AB, perpendicular to which, conceive 
vmno, qxwz, &c. to be indefinitely small prismatic 
columns into which the whole is divided ; then 
(Art. 18.) the pressure downwards of every column is 
equal to the weight of the colonin of fluid ; hence, the 
whole pressure doVvnwards is equal to the whcJe weight 
of the fluid. 

(30.) Cor. 1. As the pressure of eVery rolumh down- 
wards is equal to it's gravity, the joint etfect of all th6 
columns, or of the whole fluid, is the same as the gra- 
vity of the whole, if it had been solid, and consequently 
{Mechanics, Art. 160.) the effect is the same as if all 
the power was concentrated in the centre of gravity. 

(31.) C<m.3. If^£CZ>beaves8et of fluid, and aci 
be any part Gof the fluid, it's action downwards must 
be equal to the reaction of the fluid under it up- 
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warda; but the effect of G downwards, is, (Mech. 



Art. l6o.) just the same as if the whole effect took 
place at it's centre of gravity ; therefore the eflect of 
the reaction of the fluid under G must be the same as 
if it took place at the same point. 

Paop. X. 

^twojiuids communicate in a bent tube, tkeirper^ 
pendicular altitudes above the plane where they meet, 
are i$tversefy as their specific gravities. 

(33.) Let ABC be the tube, ux the plane where 



the two fluids meet, standing at v and w; draw 
muxn parallel to the horizon, and vm, wn perpen- 
dicular to it. ' Let 5j s represent the specific gravities 
of the two fluids in vu, uw; then the area of the 
section ux being common to both fluids, the pressure 
of each fluid at that section will (Art. 31.) be as it's 
perpendicular depth x it's specific gravity ; but as the 
fluids are at rest, their pressures must be equal ; h«ice^ 
S-X wm = * X ion, therefore S : s :: ton : vm. 
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(33.) Cqt- 1- Hence, tbe sameflnid will standi the 

same altitude on each side ; for if S:=s, then wn = vm. 
If therefore a pipe convey a fluid from a reservoir, it 
^n never carry it to a place higher than tbe surlace of 
the fluid in the reservoir ; but it may convey it to that 
height. The ancients not being aware of this property, 
conveyed water in pipes, only down hill. To con- 
vey water therefore to a place but a little below the 
water in the reservoir, having a valley between, they 
build aqueducts, instead of carrying a pipe down the 
hill and then up again. 

(34.) CqR. 2. \i ABCD be a vessel of fluid, mxwn 



a hollow cylinder, to whose bottom a cylindrical body 
wstyx., of greater specific gravity than the fluid, may 
be 90 closely fitted, that the fl^id cannot enter ; then 
if this body be kept in that position by the string «, 
and the whole be immersed perpendicularly in tbe 
vessel, untilyr be to^fj; as the speciflc gravity of the 
body to that, of the fluid, the body will remain sus- 
pended without the assistance of the string; Fpr, we 
may consider the body wxyz just the same as if il; 
were a fluid of the same specific gravity, and, cpnse- 
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qo^tly k wiU rest wtlen the ateitiules of tbe bodj 
add fluid above yz are inversely as their specifiic 
gravities. 

Prof. XI. 

The ascent cf a body in a fluiA of greater specific 
gravity than itself J arises from the pressure of the fiuid 
upwards against the imder stfrface of the body. 

(35.) For if the body be placed upoa the bottom of 
the vessel in which the fluid is, and be so closely fitted 
to it^ that no part of l^e flaid can get under it» it will 
remain at rest ; but if it be lifted up, so that the fluid 
caiQ get under it, it will immediately rise. 

Def. The centre of pressure is that point of a surface, 
against which any flmd presse^^ to which if a force 
equal to the whofe pressure were applied in a contrary 
<ttrection, k tyould keep the surface at rest. 

Prop. XII. 

Jhfind the centre of pressure of a plane surface. 

(36.) Let ABCD be the surface of the fluid, VW 
the plane, which being pi'odueed, let c^ be it's 




intersection with .the surfisK^, P the centre of pres- 
sure^ and G the centre of gravity ; and conceive the 
whole plane to be divided into an indefinite number 

G2 
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of indefinitely small parts, of whidi one is x; draw 
P^i Gg, XV perpendicular to the sur&ce, and Pa, 
Guy xm perpendicular to cd-^ and join Qa, gtt, t>m; 
then it is manifest, that the triangles JPQa, Ggn^ xv m 
are similar. Now the pressure on x perpendicular 
to VfV is (Art. 17.) ^s X X xvy and (MechanicSy 
Art. 92.) it's efiect to turn the plane about cd is as 
xxxvxxm; but (sim. trian.) Gn : Gg :: xm : xvss 

xmx rj^ ; hence, the efiect of the pressure at x to jturn 

Gff 
the plane about cd is cls xx xm^x -rp- ; therefore the 

^ Gn 

Gs 

whole eflfect is as the sum of aU the Xxx m*Xj^ . But 

if -^= the area of FfV, the pressure on F'JV ia as 

A X Gg ; therefore the effect d that pressure at P, to 

turn the plane about c<2, is as ^x Ggx Pa. Hence, 

Gff 
A X Gg X Pa = mm of all /Ae x X x m* x j^ ; coilse- 

- „ sum of all the x x x m* „ 
quently Pa^sc ^^ — j^ . Hence it ap- 
pears (Fluxions, Art. 63.), that P is at the same dis- 
tance from c^ as the centre of percussion is, cd being 
the axis of suspension. They do not however, in 
'general, lie in the same line, that is, in the line nG; 
for the efficacy of the pressure at x, to turn the 
plane about wG, is ^s x x xvx mn, or (since xv varies 
as xm) as x X xm x mn ; but the sum of all the x x xm 
X mn is not generally = 0, therefore the whole pressure 
will not necessarily balance itself upon the line Gn. 
The situation of the line aP must therefore be deter- 
mined, by making the sum ^ all the x x xm x m n=;=0. 
The centres of pressure and percussion do not there- 
fore in general coincide, taking the centre of per- 
cussion in it^s usual acceptation/*^. 



* The centre of percussion has always been defined to be that point 

in 
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On the specific GRAVITIES of BODIES. 

Prop. XIII. 

The weight of a body varies as ifs magnitude and 
specific gravity conjointb/. 

(37.) X OR it is manifest, that if you vary the mag- 
nitude of any. body in the ratio of Af : m, continuing it's 
specific gravity the same, you will alter the quantity, of 
paatter; and consequently the weight, in the same ratio. 
If you alter the specific gravity of the body in the 
ratio of S : s, continuing it's magnitude the same, 
you will alter the weight in the same ratio, (Art. 3.). 
Hence, by the composition of ratios, if you alter 
both the magnitude and specific gravity, you will alter 
the weight in the ratio of Mx S : mxs. 

As the weight of a body is in proportion to. it's 
quantity of matter, the quantity of matter is as the 
magnitude and specific gravity conjointly, or as the 
magnitude and density conjointly, the specific gravity 
and density varying in the same ratio (Art. 5). 

in the line ;iG at which all the motion of the body would be destroy- 
ed, estimating the motion of the body about the line cd^ and 
(he computations have been always made upon this principle* But 
the body, after it's action against that centre^ may still have a 
tendency to turn about the line tiG. If therefore we were to 
define the centre of percussion to be that point at which the whole 
motion of the body would be destroyed, the .centres of pressure 
and percussion would not, in general, coincide; in which case, 
the position of the line aP must be computed on the above 
principle. 
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(38.) A cubic foot of rain water weighs 1000 ounces 
avoirdupoise, the specific gravity of which call s ; let 
fF be the weight of another body whose magnitude in 
cubic feet is M, and s{)eci|ic gravity 8. Hence^ ff^ : 
1000 :: Mx S : 1 foot xs; if therefore we assume ^= 
1000 as a standard with which we may compare the 
specific gravities of other bodies, we have IV ^ M 
X S. To 'reduce it ta the measure in cubic inches, 
corresponding to th^ specific gravity of water repre- 
sented by unity, we have, 1728 : 1- :: lOOO : ,5/87 
the weight of a cubic inch of rain water ; hence, tV : 
,6787 :: MxS\ 1 inch x 1 (*), therefore, fr=,bfS7 
Mx Sy M being the magnitude in cubic inches, and 
the specific gravity of water unity. Now a troy ounce 
: ayoirdupoise ounce :: 480 : 4379&^ for an avoirdu- 
poise ounce contains 437?^ grains troy. Hence^ to 
reduce tF to troy weight, as the troy ounce is the 
greqfter, the weight expressed in ivw ounces wiU be 
less in the same proportion; thereroi^, 480 : 437)5> 
:: ,5787 Mx S : ,52746 M x S^W the weight in 
troy ounces, = 363,18 M x 8 grains. If il/=l, S 
= 1, which giv^s 263,18 grains troy for the weight 
of a cubic inch of rain water"^. 



Prop. XIV. 

If a bodff float on a fluid j it displaces as much of 
the fluid as is equal to the weight of the body. 



* Hence> we may very accurately determine the diameter J of a 
sphere whose specific gravity is s, that of water being unity. For 
the content of a sphere whose diameter=l is 0, 5236 ; therefore, 
1 : 0,523« :: 253,18 grains (the weight of 1 cubic inch) : 132,42iB 
grains^ the weight of a sphere of water whose diameter is 1 inch. 
Hence, since the weights are as the magnitudes and specific gravities 
conjointly, and the magnitudes of spheres are as the cubes of their 
diameters, we have 132,428 sd-szw the weight, consequently, <f= 



»-■ 
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(39.) PorthebodyF+QissatypoTfedfayttiepi^^^re 
of the fluid lipf^rds against the part immersecl ; ako, 



the santie pressure wipjiorted a quantity ()f fl<u4 eqtial in 
bulk to Q, before the body was immersed, thdt.spacfe 
being then occupied by the fluid ; and as the same prW: 
sure must sustain the same weight, when there is an equi- 
librium, the weight of the body must be equal to the 
weight of a quantity of fluid equal in bulk to Q. 



If a bodi/Jloai on a fluid, the centres of gravity of 
the body and of the fluid displaced, must, when the 
body is at rest, be in the same vertical line. 

(40.) For (Art. 31.) the eflfect of the pressure of 
the fluid .upwards is the same as If the whole took 
place at the centre of gravity of the fluid displaced ; if 
therefore this action of the fluid upwards against the 
body in a vertical line, do not pass through the centre 
of gravity of the body, it must, {Mech. Art. l64.) ^ve 
the body a rotatory motion. 

Prop. XV] . 

If a body float on a fluid, the part (Q) immersed : 
the whole body (P+Q) :: the specific gravity (s) of 
the body : the spec^ gravity (S) if the fluid. 
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(41.) By Art. 38. the weight of the body is F+Q 
ycs,,9Lnd the weight of a quantity of fluid equal to Q 
is QxS, the magnitudes being expressed in cubic feet, 
and the speciflc gravity of water being 1000; but 

(Art. 39.) their weights are equal; hence, P+Qxs 
=z Qx S; consequently, Q : P+Q :: s : S. 

We here suppose the part P to be m vacuo. But 
when bodies float upon a fluid, the part P being in the 
air, this rule will not be accurately true ; near enough 
so^ however, for all practical purposes. The effect of 
the air, if necessary, may be computed by Art. 54. 

.(42.) CoR. Hence, if the same body float upon two 
(liferent fluids, the parts immersed will be inversely as 
the specific gravities of the fluids ; for in this case 
P+Q and s being constant, Q varies inversely as S. 
Upon this princij^e is constructed the hydrometer, 
an instrument for measuring the specific gravities of 
such fluids, as do not difibr much in their specifio 

An 



Proof 




gravities. AB is a graduated stem fixed to a hollow 
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globe Cy which is annexed to anoth^ qphere D, into 
which mercary or shot is put, in- order to Bdake .the ^ 
instrument sink in the fluid, and keep it vertical. Now 
let us suppose the whole bulk of tl^ instrqment* tt> bt 
represented by 4000^ and each of the divisions by 1 of 
such parts» and let the whole length of the stem c(»taia 
50 of such parts ; then if this instrument be put into 
one fluids and it sinks to 30, and in another, it sinks 
to 20, the parts immersed will be 3970 and 3980 
respectively ; and the specific gravities of these two 
fluids, being inversely as the parts immersed, will be 
as 3980 : 3970. As this can only be applied to those 
fluids which come within the extent of the scale, the 
instrument generally consists of two stems, one of 
which can be taken ofi* and the other put on, the 
stems being adapted to fluids of diflferent specific gra- 
vities, one measuring what the other will not. 

Mr. Nicholson has lately made a considerable 
improvement in this instrument, by placing a small 
brass cup on the top of the stem, into which small 
weights may be put, so as to sink it into difierent 
fluids to the satne point of the stem. In this case, 
the part immersed being the saroe^ the specific gra- 
vities of th/s fluids will be as the whole weights, which 
are known, from knowing the weight of the instru- 
ment, and the weights added. 

This instrument is also used to find whether spirits 
be above or below proof. Proof spirits consist, half of 
pure spirits, called alcohol^ and half of water ; the 
instrument put into this mixture^ sinks to Proof upon 
the scale*. Now as water is heavier than the spirits, 
if there be more water than spirits, the specific gravity 
will be greater than that of proof spirits, and conse- 
quently the hydrometer will not sink so far as proof, 
or the surface of the liquor stands below proof, and 
the strength of the spirits is below proof : but if there 

...... M. - . - ■- ■ I ■ ■■ 

* According to DesaguUers, a gallon of proof spirits weighs 
7lb. 12oz. 
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be lesd water thM spirit^/ the specific gravity will b^ 
lesi^ tban that of proof spirits, and therefore the hr- 
drafneterwitl sink bfelow proof, or the surface of the 
itmd win aiahd above proofs atid the spirits are abov^ 
woof. This is the instram^nt which the Officers iX 
fixcise generally use when they exatdine fTG[Q6rs, th 
otder t6 determine their strei!)gth^' for the purpose of 
ascertaining the duty. 

Prop. XVII. 

The weigM whiek a body loses when ^holfy immersed 
tH: aihdd^ is equal to the weight cfan equal bulk of the 
fiuidi 

(43.) First, let the body be of the same specific 
gravity as the fluids and then it is manifest that it will 
remain at rest, because (Art. 3.) it is of the same 
weight as an equal bulk of the fluid, and therefore 
the pressure upwards of the fluid beneath will support 
the body equally as it supported the fluid which occu* 
pied the space before the body was put in ; in this 
Case, the body is said to have lost all it's weight, or the 
weight of an equal bulk of fluid. Now let the spe* 
cific gravity, and consequently the weight of the boay, 
be increased; then the pressure of the fluid upwards 
against the body still continuing the same, that action 
niust stilt take off the same weight from the body, 
that is^ the weight of an equal bulk of fluid. 

When we say that a body loses part of it's weight 
in a fluid^ we do not mean that it's absolute weight 
is less tban it was before, but that it is partly sup- 
ported by the' reaction of the fluid under it^ so that it 
requires a less power to support it. 

(44.) Cor. I. Hence, when a body is- wei^nedi hair, 
in onler to get it's absolute weight, we roust add to' it 
the weight of an equal bulk of air. If, for example, 
a body, whose magnitude is one cubic foot^ weigh 
1500 ounces troy in air, we must add 21 penny- 
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weights to it, which isl the weight o€ a:Cuhie:ffK>tQ|ahri 
and it gives l&OO oz< 31 jdwte. the teal imight vf. the 
body, or it's weight in vacm. 

Henoe, to taike th^ advantage of buying by weigkl^ 
we must attend to the bodies which are to be we^bedp 
whether their specific gravities be greater or tsss thatt 
that of the weights. For instance, in buying gold^ we 
ought to buy it when the air is lightest, or when the 
barometer stands the lowest; since the weight itself 
being greater than the gold which balances it, the gold 
has lost less of if s real weight than the weight ha^ ; 
and less, the rarer the air is. In buying! diamonds, 
we ought to buy when the air is heaviest, or when th^ 
bairoineter is highest ; for the diamond being greater 
than th^ weight, it loses more of it's weight thM^ tb9 
wiesgbt does i and more^ as the air h denser* The 
same for other bodies, whose specific gravities ate 
greater or less than that of the weights, 

A bulk of gold equal to a lb. of brads Weights^ 
weighs 2ib^ Wb<|i the barometer stimds at 2% in«^ the 
gold loses 1 grain, and the weight k>se^ 3 ^raw6< 
When the barometer stands at 3 1 in., the former loses 
■r-uih of a grain more, and the latter -^ths; which 
being -ro^l^ of ^ grain more than the gold loses, we 
must add that weight to the bras» weights to restore 
the equilibrium ; we therefore call the gold -r^th of a 
grain more than it is^ which in value is.^h of apenny« 

If we balance diamonds with a 2lb. weight of brass ; 
when the barometer stands at S8 in., the bnust Idses 
2 graias, and the diianionds^ 6. Whtta the baimnttiei^ 
stands at 31 in^ the weight loses -tMhs of a grain nyorey 
and the diamonds -i^ths more, so that -j^^s of a gwiif 
must be added to the diamonds to resliors the equi- 
librium ; we must therefore call the diamodds^ i^^ths 
less thaa its red wogtst. 

r45.) CoRv 2. Hence also it folkiws,^ that if two 
bodies of the same weight in air, be. put into a denser 
£kiid, the smaltev • bodly will pre{x>ndenite, sinee it 
loses a IIbss weight than the other. And if they 
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weigh equally in any fluids and then be brought into 
a rarer medium, the greater will preponderate, because 
having lost more weight in the denser fluid than the 
other body, when carried into a rarer fluid it will 
r^in more weiglit, and therefore wiH weigh more in 
the lighter fluid. 

Prop. XVIII. 

A body immersed in afluid, ascends or descends with 
a force equal to the difference between ifs own weight 
and the weight, of an equal hulk of fluids the resistance 
ofthefiuid not being considered. 

(46,) Let W be the weight of the body, w the 
weight of an equal bulk of the fluid. Now we may 
consider the body ias descending by it's own weight fV, 
and (Art; 43,.) fis opposed in it's descent by w '; nence, 
when fV is greater than w the body descends, and 
when fV is less than w it must ascend, and, in both 
cases, by the difierence between W and u?, as they 
oppose each other. 

(47,) CoR. Let the specific gravity of the fluid : 
that of the body :: 1 : bi then^ (Art. 3.) w : fV :: 

W 

1:6; hence, wss-r^, consequently the relative gravity, 

IV 

or weight of the body in the fluid, = JfF- -jr • 

Hence, if we can make a body heavier or lighter 
than an equal bulk of water, it will descend or ascend 
in water. On this principle little glass images are 
made to descend or ascend in water. These images 
have a small hole i|i their heel, with a small quantity 
of water in them, so as to make them just float on the 
water. These are put into a glass jar of water, not 
filled quite up to the top, covered with a piece of 
bladder, closely tied about the neck of the jar. Then 
upon pressing the bladder with the hand, the air at the 
top of the jar is compressed, and this forces the water 
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up into the images^ which making them heavier than 
the water^ they descend, and the air. within them will 
be condensed. By the removal of the hand, the air at 
the top of the jar returns to its original state, and the 
condensed air in the images will drive out the water 
which had been forced in, and the images will then 
ascend. To get water into the image^ take some water 
into the mouth ; put the legs of the image into the 
mouth, suck the air out of the image, and uien let the 
water in the mouth flow to the in^age, and it will 
enter into it, and a proper quantity may be adjusted 
to make the image just float. If they vary a little in 
their specific gravities, they will descend one after the 
other. 

Prop. XIX. 

The weight (w) which a body loses when immersed in 
U fluid : ifs whole weight (W) :: the specific gravity 
of the fluid (s) : the specific gravity of the body (S). 

(48.) For (Art. 43.) w is the weight of a bulk of fluid 

.equal to the bulk of the body, the weight of which 

is W\ but (Art. 3.) the weights of equal bulks are as 

their specific gravities ; consequently w : W ii s : S. 

Ex. If a body weigh 12lb. in air, and 7lb. iii 
water, then 5 lb is the weight lost; hence, 5 : 12 :: 
the specific gravity of water : the specific gravity of 
the body. Thus we compare the specific gravities of 
bodies and fluids of less specific gravities. 

(40.) CoR. 1 . Hence* S = ; if therefore s be 

^ ^ w 

given, that is, if different bodies be weighed in the 
same fluid, then will S vary as — . 

Ex. - If a body A weigh gib. in air, and 71b. in any 
fluid, and another body B weigh 13lb. in air, and 61b. 
in the same fluid, then the specific gravity of A : that 
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t>f JB :: ^ : -r :: 63 : 26. Thus we compare the 

jpeoific gravities 6f two bodies. 

(50.) Cor. 2. Hence also, s = * ^ ; if therefore 

^9 and W^ be given, that is, if the *amc body be weighed 
Tn different fluids, then will s vary as w. 

Ex. If a body lose 61b. in one fluid, and 5 in another^ 
the specific gravities of these fluids are as 6 : 5. Thus 
^e compare the specific gravities of two fluids. 

If one of the fluids be mercury, the body must be 
either gold or platina> these being the only two metals 
which will sink in mercury. It is better, however, in 
this case, to compare the mercury with water (Art. 46.), 
weighing the mercury in the water by putting it 
into a small glass vessel suspended from the scale, first 
balancing th^ vessel in water. 

. The efiect of the air in diminishing the weight of a 
body, has not here been considered. 

Cor. 3. Hence also, if two bodies of different spe- 
cific gravities be coonected by a rod, and balanced on 
it by a string, when put into water they will not 
balance, but the lesser body will preponderate, it losing 
a Jess weight in proportion to it's bulk than the gi*eater 
doe|^* Hence a^n heterogeneous body being immersed 
in a fluids the place of its centre of gravity will b^ 
changed. 

(51.) If the body whieh is weighed in the fluid be 
wood, it should first be well rubbed over with greacie, 
or varnished, to prevent it from imbibing any of the 
fluid. 

(52.) Since the specific gravities of fluids vary when 
their temperatures vary, in comparing the specific 
gravities of different fluids, we tmx$t first reduce them 
to some one temperature, as a standard. This tempe- 
rature is arbitrary ; and it must be observed, that> firom 
the different expansions of fluids for the sartke varia- 
tion of temperature, the proportion of the specific 
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gravities at ^ffereot degrees' of temperattire wiH bi» 
difieient Many solid bodies o^ra aUo autgect to n 
variation of th^r specific gravities^ from tbe variajtion, 
of their temperatures* 

Prof. XXj 

To find the specific grmi^ ^ a hody Q, "bohlch is 
lighter than thefimd in wfmhM is toeighea. 

(53.) Connect Q with ano^hier body P which is 
heavier than the fluids so that together they may sink ; 
let the weight of P in the fluid be a, the weight of 
P+Q in the fluid be b, the weight of Q out of 
the fluid, be dy and tha weight of . a bulk of fluid 
equal to Q, be e. Now, as Q is of less specific gra-* 
yity than the fluid, it will (Art. 46.) ascend with the 
force e— d Also, as Q by itself would ascend, whea 
it » connected with P, they w jH together have a le^ar 
descending power in the fluid than P of itself would 
have, by the power of Q*s ascent ; now the weight of 
P in the fluid, or it's descending power, is a, and the 
vif^igfat of P + Q^ or if s descending power in the fluid, 
isb; therefore the difierence a— & give^ the ascending 
power of Q; hence, c— d=!=a— J, and e^-a-b+d; 
but (Art. 3.), the weights of equal bulks are as the 
specific gravities ; hence, the specific gravity of Q : 
the specific gravity of the fluid :: d : a^^b-k-d. 

Prop. XXI. 

If a lighter fiuidr(^st upen a heavier, ar^d their specific 
gravitieSrhe as a : b, and a body, whose specific gravity is- 
c, rest with one part P in the upper fiuidy and the other 
part Q.in the lower, thenV : Q :: b— c : c — a. 

(54.) The body will rest when it has displaced as. 
much of the two fluids as is equal in weight to 
its^l^ for the reason given in Art. 3 9. No w (Art* 38). 

the weight of the bqdy is ex P + Q j also, the 
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weight of the lower fluid displaced is 6 x Q, and of 
the uppe r fluid, a x Pi hence, a x P + b x Qs= 
cxP+Q=cxP + cxQ; therefore, bxQ~cxQ== 



cxP-axP,OTb-cxQ = c~ax P; hence, P : a 
:: b—c ; c~a. 

(56.) Cor. Hence, Q: P+Qi: c-a : b—a, and 
if a be BO small that it may be n^lected, then Q : 
P + Q :: c . b,aain Art. 41. 

Prop. XXII. 

if a and b be the specif gravities ofttoojiuids to be 
mixed together, P and Q their magnitudes, and c the 
spec^ic gravity of the compound, then P : Q :: b — c ; 
c-a. 

(56.) By Art. 38. the weight of P is «xP, the 
weight of Q'k bx Q, and the weight of the compound 
is ex P-i-Qi but the weight of the compound must be 
equal to the sum of the weights of the two parts; 
hence, (as in Art. 54.) P : Q :: b — c -. c~a. 

Cob. Hence, if a and b be given, and the mag- 
nitudes P, Q, we get the specific gravi ty c of the 
compound •, for as n x P + 6 x Q = c x i* + Q, we 
. „- axP+bxQ 
haveC=. ^^^ 

(57-) It is here supposed, that the magnitude P+Q. 
of the compound, is equal to the sum of the magnitudes 
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of the two parts when separate. But it very often l>ap- 
pens, that the magnitude of the mixture is less than the 
sum, owing, probably^ partly to the constituent par- 
ticles of the different fluids being of different magni^ 
tudes, and partly to their chemical affinity. This is 
called a penetration of dimensions. Thus, for instance, 
if a pint of water and a pint of oil of vitriol be mixed 
together, the mixture will not make a quart. The 
specific gravity of the compound is manifestly increased 
by this circumstance ; and it will be increased in the 
same proportion as the bulk is diminished. 

Ex.. Let the specific gravity of gold be I9, of silvei^ 
1 1, and of the compound 14 ; then the magnitude of 
the silver in the mixture : the magnitude of the gold 
:: 19-14 : 14- 11 :: 5:3. 

A certain quantity of gold having been given by 
King HiERO to make him a crown, the Artist secreted 
part of the gold, and substituted the same weight of* 
silver. This being suspected^ Archimedes was em->- 
ployed to discover the cheat ; but it is not related in 
what manner he did it, except that by going into a 
bath, the rising of the water suggested to him the 
Qiethod of finding the magnitudes of irregular bodies. 

(58.) If we want to find the proportion of the weights 
of each body, we must take the ratios of their mag- 
nitudes, and of their respective specific gravities con^ 

jointly ; hence, the weights of P and Q are as a x 6 — c : 5 

X C'-a. In the above Example, therefore^ the weight 
of the silver : the weight of the gold :: 11 x 5 : I9 x 
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Refined gold 
English guinea 
Mercury 
Lead 


- 19637 

'■ 17^93 

- 14619 

- 11325 


Refined silver 


w 11087 
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Standard sitver 

Bismuth 

Copper of Japan 

Copper of Sweden 

Hammered brass 

Cast brass 

Turbeth mineral - 

Cinnebar^ factitious 

Cinnebar, natural 

Elastic steel 

Soft steel 

Iron 

Pure tin 

Glass of antimony 

A pseudo topaz 

A diamond 

Chrystal glass 

Island chrystal - 

Rock chrystal 

Common glass 

Fine marble 

Stone of mean gravity 

Selenites 

Sal gemmae 

Nitre 

Alabaster 

Dry ivory 

Brimstone 

Dantzic vitriol 

Allum 

Borax 

Calculus humanus 

Oil of vitriol 

Oil of tartar 

Bezoar 

Honey 

Gum arabic 

l^rit of nitre 

Aqua fortis 



10635 
9700 
9000 
8843 
8349 
8100 
8235 
8200 
7300 
7830 
7738 

7645 

7471 

5280 
4270 
3400 
3150 
2720 
2658 
2620 
2704 
2500 
2252 
2143 
1900 
I875 
1825 
1800 
1715 
1714 
1714 
1760 
1700 
1550 
1500 
1450 
1376 
1315 
1300 
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Titch - - - - 1150 

Spirit of salt - - 1 130 

Crassamen of the human blood 1126 

Spirit of urine - - 1120 

Human blood - - 1054 

Amber - - - 1030 

Serum of human blood - 1030 

Milk - - • . 1030 

Urine - . - - i030 

Dry box wood - - 1030 

" Sea water - - - 103t) 

Common water -* - 1000 

Camphire ... ggJS 

Bees' wax - - - 955 

Linseed oil ^ - 933 

Dry oak - - - qq5 

Oil olive - - - 913 

Spirit of turpentine - - 864 

Rectified spirit of wine - 866 

Dry ash - - - 800 

Dry maple - - . 755 

Dry elm - - - 6OO 

Dry fir - " ' r ^^^ 

Cork - - - 240 

Air - - - . 1+ 

The density of steam froni boiling water^ is 14000 
times less than that of water^ or about l6-^ times rarer 
than air. 

(69.) The specific gravity of rain water being here 
represented by 1000, and a cubic foot of rain water 
weighing 1000 ounces avoirdupoise, the numbers 
against each substance represeM the weight of a cubic 
foot thereof in avoirdupoise ounces. The specific gra- 
vities are subject to a small degree of variation, arising 
irom the variation of temperature of the air. 

The scales which are made use of to weigh bodies^ 
in order to determine their specific gravities, are called 
the Hydrostatic balance. 

C2 
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Prop. XXIII. 

Given the weight Wofa body whose specific gravity 
is known by the table, tojind H^s magnitude M. 

(60.) Let a=the specific gravity of the body found 
in the table^ which represents the weight of a cubic 
foot in avoirdupoise ounces ; then as the weight is io 
proportion to the magnitude, when the specific gravity 
is given (Art. 37-)> we have a : W :\ 1 foot : Mthe 
magnitude in cubic fett. 

Ex. If a piece of dry oak weigh 1720 ounces, what 
is it*s magnitude ? 

Here, a=935^ ^=1720; hence, 925 : 1720 :: l : 

— — = 1«8594 cubic feet. 
935 

CoR. 1. As W^aMy if the magnitude be given we 
can find the weight. 

Ex. If the magnitude of a piece of iron be 1^5 
cubic feet, what is it's weight? 

Here, a :5= 7645, M= 1,35; hence, W^= 1,35x7645 
s 10326,75 ounces. 

Cor. 2. Hence we find the diameters of capillary 

tubes. Weigh the tube; then fill it with mercury 

and weigh it again, and the difiference gives the weight 

(w) of the mercury in ounces. Measure it's length (/) 

in feet. Let a = specific gravity of mercury, that of 

w 
water being 1000. Then a : ti? :: 1 : — themagni* 

tude of the mercury in cubic feet. Let dfs diameter 

w 
bf the tube in feet; then 0,7&54 if^/ s= —; and d s , 
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Sect, III. 



On the resistance of FLUIDS. 



(61.) Xhe resistance of a body moving in a fluid 
arises from the inertia, the* tenacity, and Jrietion of 
the fluid, admitting the particles to be in contact. 
The latter cause, granting it to exist, is probably 
very small; and the second is, in most fluids, incon* 
sideraUe when compared with the inertia. The resist- 
ance therefore, which we shall here consider, is that 
arising from the inertia of the fluid. 

Prop- XXIV. 

If a plane surface move in a fluid with a velocity V 
in a direction perpendicular to ifs plane, the resist- 
ance, within certain limits of the velocity, varies asV\ 

(63.) For the resistance must vary as the number of 
particles which the plane strikes in a given time, multi- 
plied into the force of each against the plane. Now 
the number of particles which the plane strikes in a 
given time, must evidently be in proportion to ^; 
also, the force of each particle is as ^; and as action 
and reaction are equal and contrary, the reaction of 
every particle of the fluid against the plane must be 
as y; hence, the resistance varies as f^x /^ or as f^^. 
This is found, by experiment, to be very neariy true^ 
when the velocity is small. 
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(63.) This proof supposes^ that after the plane strikes 
a particle, the action of that particle immediately 
ceases, and the particle itself to be, as it were, an- 
nihilated; but the particles, after they are struck, 
must necessarily be made to diverge and act upon the 
particles behind, which makes some difference between 
this theory and experiment. Also, by increasing the 
velocity of the body, the action of the fluid behind it, 
to impel it in the direction of it's motion, will be dimi- 
nished, and consequently the retardation will, on this 
account, be increased. Mr. Robins found, from ex- 
periment, that when a bullet moves with the velocity 
of sounds or with a greater velocity (in which case, a 
vacuum is left behind the body, and the pnessure for- 
ward9 from behind then ceases), the nesi^^tance is always 
greater than this law gives it. When bodies descend in 
fluids, such as wa^i^ thq resistance is very nearly as.^% 
b^iipaiipe the body oap never acquire a velocity beyond 
a. certain limit. We will therefore, in ^he Articles 
here giye^ upon reaistc^nces, suppose; th^ fiesistance to 
vary as V^. This law of resistance was established by 
Sir I. Newton, from a variety of experiments ; see 
the Principiaj Vol. II. Prop. 31. Scholium ; also Mr. 
Parkinson's Hydrostatics, page 26. 

lyf r. Robins found by experiment, that when a bullet 
mov^s with a velocity exceeding 200 feet per second, 
th/e retardation increases fester ; and the deviation from 
the law stated in the proposition increases rapidly with 
the velocity, owing to the condensation of the air 
before the ball^ and rarefaction behind. He found that 
a ball projected with a velocity of 1670 feet in a second, 
lost about 125 feet in a second in passing through 50 
feet of air; this it must have done in y^ of a second, 
in which time it would have lost 1 foot if projected 
directly upwards ; from which it appears, that the re- 
sistance was about 125 times the weight of the ball. 
He further, observed^ that till the velocity exceeded 
1 100 feet per second, the resistance increases pretty 
regularly -, but that in greater velocities, the resistance 
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becomes suddenly tri|de of whet it would have been 
eooordiBg to the law it before increased it. This he 
diinks may be explained by the vacuum bdaind the 
ball ; yet it must be observed, that the increase of the 
larity of the air behind the ball, and of density b^ore 
it, must take place gradually, till there is a vacuum 
behind. Fvom the result of all Mr. Robins's obser** 
vations, he collected this Rule. 

Let Misrepresent the ^ c b d 

vdocity 1 700 fiset per se- ' " "^ ' 

cond, and AC any other velocity. Make BD to AD 
as the resistance given by the ordinary theory to slow 
motions, to the resistance actually observed for the ve« 
locity 1700 ; then will CD be to AD as the resistance 
according to the common rule to the velocity AC, to 
that which really corresponds to it. 

To adopt this to experiment, it is to be observed, 
that a ball of the size of a 1 2lbs. iron shot, moving 25 
feet in a second, is resisted by -^V of a lb. Increase 
this in the ratio of 25* : 1700*, and we get 210 for 
the resistance by the common rule ; but by comparing 
it's diameter 4,5 in. with 0,75 in. the diameter of a 
leaden ball which had a resistance of about lllbs. 
with this velocity, we conclude that the 12 lbs. shot 
would have had a resistance pf at least 396 lbs. ; henCe, 
BD : AD :: 210 : 396, and AB : AD :: 186 : 396; 
and AB being 1700, AD =3631. 

het AD szUy AC = Xj i{ == resistance to a 12 lbs. 
iron shot moving 1 foot per second, r=3 resistance in 

pounds for the velocity jo ; then r = iJ )C . Now 

Mr. RoBiNs's experiments gave U = ■ ; hence, 

"■ = ielFTi = 4(36l3-:c) "*"^y' ^"••'S •'*'°" ^f 
the truth about -s^^th part. But if we go to greater 
velocities, the rule cannot be applied as an approxima- 
tion ; for if the velocity be supposed 36l3, the resist- 
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ance becomes infinite, which can never be. It is of no 
use to give a ball a greater velocity than 170O feet 
per second, because it would be reduced to that almost 
\n an instant. 

Mr. Robins observes, that when a 34 lbs. shot is 
impelled by it*s usual charge of powder, the opposition 
of the air is equivalent to at least 400 lbs weight, 
which retards the bullet so powerfully, that when fixed 
at an elevation of 45^. it's range is not ^th part of what 
it would be, if there were no resistance of the air. In 
Kghter and smaller shots, the effect of resistance was 
still greater; for he made many experiments with a 
wooden bullet fired at an angle of 45^ where, instead 
of 15000 yards which would have been it's range in 
vacuo, the range was not more than 200 yards. 

Prop. XXV. 

ff^hen different planes move in directions perpen^ 
dicular to their surfaces , in different fluids y and with 
different velocities, the resistances unll be as the squares 
qf their velocities x the densities of the fluids x the 
areas qf the planes. 

(64). For by increasing the density of the fluid, the 
number of particles struck in the same time will be 
greater in the same proportion, and consequently the 
resistance will, casteris paribus^ be greater in the same 
ratio. Also, by increasing the area of the plane, the 
greater will be the number of particles struck in the 
same ratio^ and therefore the resistance will be greater 
. in the same proportion. And (Art. 62.) when the 
velocities vary^ costeris paribus, the resistance varies 
as V\ Hence, combining these ratios together, the 
resistance will be as V^ x the densities of the fluids x 
areas of the planes, 

Prop. XXVI. 

- If a plane move obliquely in a resisting medium^ with 
an uniform velocity/., and after the resolution qf the 
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foirce with which the plane striked the fluid, the wh&le 
cf that part which acts perpendicularly to the plane 
take effect 9 the resistance perpendicular to the plane 
will vary as tfie square of the sine of the angle of in- 
clination. 

(65.) «Let AB be the plane moving in the medium 
LMNO in the direction x By ; draw AC parallel to xy^ 
meeting BC perpendicular to AB in C; and let BD be 
perpendicular to AC. Now the quantity of fluid which 
AB has to oppose by it*s motion, beinglthat which is 
contained between AC and xy^ is manifestly in pro- 
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portion to BDj or to the sine of BAC, because AB : 
BD :: rad.=: 1 : sin. BAD or BAC, and the first and 
third terms being constant^ the second varies as the 
fourth. Also, as the plane acts against the fluid at the 
angle CAB, let AC be taken to represent the whole 
force of the plane acting against the fluid, upon sup- 
position that no part thereof was lost, which force 
would be uniform, the velocity of the plane being 
uniform ; then, by the resolution of motion, the force 
acting perpendicularly to the plane will be in propor- 
tion to BCf or to the sine of BAC, for AC : BC :: 
rad. = 1 : sin. BAC, where the first and third terms 
being constant, the second varies as the fourth. Hence, 
the whole action of the plane against the fluid in the 
direction BC (being in proportion to the whole quan- 
tity of fluid which opposes it's motion, and it's eflfect in 
the direction BC conjointly^ will be as sin. BAC x 

sin. BACy or as sin BAC\\ And as action and re- 
action are equal and contrary, the action of the fluid 
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against the plane in the direction CBy or the remtanoe 
df the fluid must vary in the same ratio. 

Prop. XXVII. 

The resistance of the same fluid to oppose the plane 

in the direction a/* ifs motion^ varies as sin. BAC] ^ 
supposing J after the resolution of the reaction of the 
fluid in the direction CA, into UB and B A, the part 
B A to he entirely lost, and CB to take effect. 

(66.) As the whole effect of the resistance of the 
fluid upon the plane is that part which is perpendi- 
cular to it^ let CB represent that whole resistance^ 
and resolve it into CD^ DB^ then will CD represent 
the resistance which opposes the motion of the body ; 
now rad.=l : sin. DBC, or sin BACj :: CB : CD 
= CB X sin. BAC ; but CB, as representi ng the whol e 

resistance in the direction CB, varies as sin. BAC\^ 

(Art. 65.) ; hence, CD varies as sin. BAC\ . 

(67.) By experiments on plane bodies moving both 
in air and water, 1 find that they are not resisted accord- 
ing to the laws here deduced. Part of the difference 
may probably be owing to the two latter cases men- 
tioned in Art. 61, but it principally arises from the 
force after resolution, not taking effect as here supposed, 
that part which is parallel to the plane not being all 
lost. But the further consideration of this subject falls 
not within the plan of this work, which is intended only* 
to be an Elementary Treatise. 

Prop. XXVIII. ^ 

The same supposition being made, the resistance of 
the plane, in a direction perpendicular to that of ifs 

motion, varies as smTBACfx cos. BAC. 

(68.) For by the last Art. DB will i^epresent that 
part of the whole resistance which acts perpendicu- 
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larly to the direction of the mottoo ; hence^ rad.spi : 
rin. BCD, or cosr. BAC, :: CB : DB ^ CB x cob. 
BACi but CBy as representing the whole effective part 
of the force^ varies as sin , BAC\ ^ (Art. 65.); therefore^ 
DB varies as sin. BAC^ x cos. BAC. 

{^9') If instead of supposing the plane to move 
in the fluids we suppose the plane to be at rest and 
the fluid to move against it, the action of the fluid 
against the plane wilT be just the same as it's reaction 
when the plane moves. Hence, the last Article will 
show the efiect which the wind has upon the sails 
of a wind mill, when at rest, to put them in motion^ 
admitting our hypothesis respecting the eflicacious part 
of the force, to be true. 

(70.) If, in the three last Propositions, the area of the 
plane, the velocity and den9ity of the fluid be not 
given, then (for the reasons in A^ts^^S. 64.) the resist- 
ance will vary in the above ratios, i^nd. as the area of 
the plane, square of the velocity, and density of the fluid 
conjointly. 

Prop. XXIX. 

The same supposition being madey let a cylinder move 
in the direction of ifs axis, and a sphere of the same 
diameter, move in the samejluid with the same velocity ; 
then will the resistance to the motion of the cylinder be 
double that of the globe. 

(71.) Let AFE be a diameter of the end of a cylin- 
der, parallel and equal to BD a diameter of the sphere 
BFDG whose centre is C, and CJP, DEj BA perpen- 
dicular to AE ; draw QP parallel to CF the axis of 
the cylinder, and let it represent the force with which 
a particle of fluid would act perpendicularly at v, th^ 
end of the cylinder, in which case no part is lost, 
l^ow conceiving the siame particle to act upon the 
globe a^t Py part of it's effect will be lost by the 
obliquity of the stroke ; draw PR a tangent to the 



44 



THB RESISTANCE OF FtUIDg. 



Sphere in the plane PCF^ and QiR perpendicular to it ; 
raw. also RS perpendicular to Qp^ and produce 




QP to m. Resolve the whole force QP into RPy 
QR, then we here suppose that the part RP is 
wholly lost, and the part QR only to be effective; 
resolve this into QS, SR, then QS is employed in 
opposing the motion of the globe, and SR (being 
perpendicular to it) can have no effect in that respect, 
and moreover it will be destroyed by an equal and 
opposite force, acting at a point, equidistant from 
Ff on the other side. Hence, the force with which 
the point v at the end of the cylinder is retarded : the 
force with which the corresponding point P on the 
globe is retarded :: QP : QS :: (because QP : QR 
:: QR : QS) QP* : QR" :: (by sim. trian. PRO, 

Pm^ 

PmC) PC' : PnC :: PC : t^ :: (taking vn ^ 



PC 



vn :: vm : vn; consequently the whole 



resistance on the cylinder : that on the globe :: the 
sum (^aU the vm's : the sum of all thevn's. Draw nr 
parallel to mC. Now vm : vn :: PC^ : Pm% there- 
fore vm, or CF, : mw, or Cr, :: Pq\ or AF^, : PC^-^ 
Pm^y or rn^, therefore Cr varies as rn^% hence, the 
locus AnCE of all the points n is a parabola. Con- 
ceive now this whole figure to revolve about FCG, 
then will AE generate the end of the cylinder, and BFD 
will generate that half of the globe which is resisted ; 
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also, the sum of all the vm*9 will be the solid generated 
by the parallelogram ABDB^ and the' sum of ail 
the t;n'8 will be the solid generated by the inscribed 
parabola ACEj which solids {see the Fluxions) are 
as 2 : 1 ; hence^ the resistance of the cylinder : the 
resistance of the globe :: 2 : 1. 

{72-) It appears by experiment, that this proposition 
is not true wnen bodies move either in air or water^ the 
resistance of the globe, compared with that of the cylin- 
der^ being less than that which the theory gives it. 

< 

Prop. XXX. 

The same supposition being admiitedy if a globe 
whose diameter is d, move in. a resisting medium whose 
deimty is n, with a velocity v, the resistance will vary 
as v*d*n. 

(73.) For the resistance of a globe is (Art. 71.) 
«qual to half the resistante of the base of a cylinder 
of the same diameter, moving in the direction of it's 
axis with the same velocity ; therefore the resistance 
of the globe varies as the resistance of the cylinder ; 
but the end of the cylinder being a circle, whose area 
is as £p, the resistance (Art 64.) varies as v*d^n; 
therefore the resistance of the globe varies as v^d^n. 

If the Reader wish to see any thing further on the 
motion of bodies in resisting mediums, he may consult 
the Fluxions. 

Prop. XXXI. 

As a body descends in ajluid^ it continually adds more 
weight to theAuid until it has acquired if s greatest velo- 
city, at which time^ the weight added to thejluidjrom the 
resistance, is equal to the relative weight of the body. 

. (74.) For as long as the velocity of the body in- 
creases, the action of the body upon the fluid wiH 
continue to increase; and* when the body has acquired 
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it*8 greatest Tdocity, the resistance beoomes equal to 
the weight of the body in the fluid, and the body th^i 
acts against the fluid with it's whole relative weight. 

In the theory of resistances^ it is supposed that the 
remstanoe against a plane perpendicular to the direc- 
tion in which it move, is equal to the weight of a 
column of the fluid, whose base is equal to the area of 
the plane, and altitude equal to that through which 
a body must fall to acquire the velocity with which 
the plane moves. But from a number of experiments 
which we have made, it appears that the resistance is 
considerably greater than that ; and this is confirmed 
by the experiments made by others. But there is 
another remarkable circumstance in the resistance of 
plane bodies, that is, that the resistances are not ia 
proportion to the surfaces, but increase considerably 
faster. Surfaces of 9, 1 6, 36, 81 inches, moving with 
the same velocity, have been found to have resistances 
as 9, 17,5, 42,75, 104,75. Borda's experiment on a 
plane of 81 inches, with the force of wind moving 

1 foot per second, is about 3-^ of a pound. According 
to the experiments we have made in air, it appears that 
a plane of 64 square inches moving with a velocity ot 

2 feet per second, meets with a resistance equal to 
0,0462 troy ounces. Mr. Rouse of Leicestershire had 
made a great many experiments on the resistances of 
wind, and they confirm the above opinion, that the 
resistance increases faster than the sur&ces. ' But the 
principal deviation from theory appears from oblique 
impulses. Mr. Robins compared the resistance of a 
wedge whose angle was 90^, with the resistance on 
the base, and instead of finding it to be in the ratio 

of /^ 2 : 1 as by theory, he found it greater in the 
ratio of 55 : 68. And when he formed the body 
into a pyramid, of which the sides had the same sur- 
face and inclination as the sides of the wedge, the re- 
sistance of the base and sides were now as 55 : 39. 
Like deviations have been observed by Borda, and by 
our own experiments. 
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The following table contains the result of experi- 
ments which are made by a plane of 3^73 inchei^ 
moving in • water with a velocity of 0,66 feet in a 
second^ under diffi?rent angles of inclination ; assuming 
the perpendicular resistance by theory to be the same as 
by eicperiment. 

Angle. Experiment. Theory. * Power. 

10^ 0,0112 0,0012 1,73 

20 0,0364. ...... 0,0093 1,73 

30. • • « . • • 0,0769 0|0290 1,54 

40. « • • • . . 0,1174 0,0616 1,54 

60* • 0,1552 0,1043 1,51 

eo..s.. .. 0,1902 0,1476 1,38 

70 0,2125 0,1926 1,42 

80 0,2237 0,2217. 2,41 

90 0,2321 0,2321 

The first column shews the angle at which the 
plane struck the fluid; the second shews the resist- 
ance by experiment^ in troy ounces; the third, by 
theory ; the fourth, the power of the sine of the angle 
to which the resistance by experiment is proportional. 
The fourth column was thus computed. Let s = sine 
of the angle, to radius unity, r = resistance at that 
angle, and suppose r to vary as s^; then 1*" : ^ :: 

0,2321 : r : hence, m sz -^ — ~ — ^ — ; and 

log. s 

substituting for r and s their several corresponding 
values, we get the values of m in the table. Now the 
theory varies as the cube of the sine ; hence it appears 
that the actual resistance at these angles, is always 
greater than that given by theory. In theory, the re- 
sistance perpendicular to the planer the weight of a 
column of fluid whose base is 3,73 inches and altitude 
0,08124, the space through which a body must fall to 
acquire the velocity of 0,66 feet. Now that weight is 
0,1598 troy ounces. Hence, the actual resistance : 
resistance by theory at an angle of 90^ :: 0,2321 : 
0,1598, or nearly as 3 : 2. 
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By theory, the resistance of a globe : resistance of 

3 cylinder of equal diameter :: I : 3; but by experi- 
ment, it. is that of 1 : 2,23. Hence it appears^ that the 
actual resistance of a globe : its resistance by theory : : 

4 : 3, very nearly. 

The results of our experiments do not agree with 
thosfe made by D'Alembert, Condorcet, and Bosset, 
whose results agree with theory, very nearly. The 
difierence appears to lie in this, that in our experiments, 
the plane was immersed some depth in thfe'water ; in 
their experiments, the bodies floated on* th^ sCirface, in 
which case the fluid can esC(lpe more readily, than 
when the body is immersed below the surface. The 
resistance of bodies descending in fluids manifestly 
comes under the case of our experiments. 

The resistance of a body moving in a fluid, depends 
on the form of the back part of the body. We tbund 
by experiment, that the resistance on the fiat side of a 
semi-globe : resistance of a cylinder of the same dia- 
meter moving with the same velocity :: 0,08339 : 

0,07998. 

Now instead of the plane moving in a fluid, let 
the plane be at rest, and the fluid strike it. Then the 
following table shows the force of water flowing hori- 
zontally through a pipe placed* at the bottom of a 
vessel 45,1 inches high, against a plane^ the area of 
the section of the pipe being 0,045 inches, and the ve- 
locity out of the pipe was found by experiment to have 
been that which a body would acquire in falling down 
46,1 inches. The table shows the force at different 
angles by experiment and theory. 
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Angle. ' Eiperiment. Tbeoiy. 

oz. dwu. gr. 

90^ 1 . 17 . 12 . • . . * 1 . 17 . 12 ^ 

80 * . i . . 1 • 17 . 6 1 . 16 . 22 

70 1 . 15 . 12 1 . 15 . 6 

60 1 . 12 . li • . 4 . . 1 • 12 . ll 

60 .\ . . i 1 . 18 . 10 1 . 18 . 17 

40 1 . 4 . 10 ..... 1 . .4 . i 

30 . . i . . • 18 . 18 . 18 . Id 

20 • . . ; * 6 . 12 . 12 . . « . . . 12 . Id 

10 0.6. 4 . 6 . 12 

The theory supposes the force to be as the sine of the 
angle, supposed at 90^ to be the same as by experiment. 
Hence it appears that the perpendicular force of the 
fluid varies as the sine of the angle, the difierence of 
the theory and experiment being only such as may be 
supposed to have arisen from the inaccuracy to which 
the experiments must necessarily be subject. 

By comparing the force of the fluid thus striking 
a plane at rest^ with the resistance of the plane nloving 
in the fluid with the same velocity, it appears that the 
former : the latter :: 6 : 5. This difierence probably 
arises from the pressure of the fluid behind the body 
in the latter case. With difierent velocities the pro- 
portion will vaiy. For an account of those experi- 
ments, see the Phil. Trans. It 9^* 

Defii^ition. If a plane body revolve in a resisting 
medium about an axis, that point into which if the 
whole plane were collected, the resistance would remain 
the same, we call the Center of Resistance. 

To find the distance d of that center from the axis^ 
let a = area of the plane^ a = the fiuxion of that area 
at the distance x nrom the center of the axis. Now 
the efiect of the resistance a to oppose the weight 
turning the axis^ is as J7d; but the resistance is sup- 
posed to vary as the square of the velocity, or as x^ ; 
hence the efiect of the resistance is as 3? a, and the 
whole efiect is as the fluent oi a^a. Foe the same 
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reason the resistatice of the whole jdane at the distance rf is 
da^ ; henee^ rfa^ = fluent of a^a, and d 



_// flu. 3? a 



Ex. If the plane be a parallelogram^ two of whose 
sides are parallel to the arms^ m and n the least and 
greatest distances of the other two sides from the axis^ 

then d = \/T^ = v/"'+.^' ><"+»". 



Sect. IV. 

On the times of EMPTYING VESSELS ; 
AND ON SPOUTING FLUIDS. 



Prop. XXXII. 

if a fluid run through any tube, kept continually 
JuUi and the velocity of^ the fluid in every part ^ the 
same section be the same, the velocities in different 
sections will be inversely as the areas of the sections. 

(75.) XoR the same quantity of fluid runs through 
every section in the same time ; now the quantity run- 
ning through any section (A) with the velocity (f^), 
in any given time, is manifestly in proportion to A and 
f^ conjointly,^ or to ^ x f^; and as this quantity is 
constant. Ax f^ is constant, consequently f^ varies 
inversely as A. 

(76.) Cob. Hence, the velocity of water in a river 
increases as the breadth and depth decrease ; the rule 
however cannot be applied with accuracy here, as the 
water at the bottom, from the unevenness, cannot 
move with the same velocity as at the top ; and where 
the rise and fall at the bottom is very quick, there 
is probably a great deal of stagnant water. 

Prop. XXXIII. 

Let a vessel be keptfllled with a fluid whilst it am-- 
tinues to flow out at an orifice ; and let the quantity 
discharged in a given time^ and the area of the or^e 
be given, to find the velocity at the orifice. 

d2 
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(77.) Let a = the area of the orifice, m = the quaa«- 
tity discharged in the time t'\ and t;=the velocity. Con- 
ceive all the fluid which runs out,, to form a cylinder 
whose base is a, and length /; then axl—ni; hence^ 

/ = — ; therefore, in the time f the fluid, with the 
a 

first velocity v, wbtild haVe described the space — ; 

hence, r : 1" :: — : t;=-T the velocity at the orifice. 

a at ^ 

Pr6p. XXXIV. 

If a fluid run outJ¥om the bottom or side of a vessel^ 
and the area of the orifice he very small when compared 
with the iot torn, the velocity at the orifice is that which 
a body would acquire in falling through a space equal 
to half the altitude of the fluid above the orifice^ very 
nearly. 

(78.) When a fluid issues from a vessel, the velocity 
through the orifice doeis not arise from a Continual ac- 
celeration of descending particles by the force of gra- 
vity, as in the case of a body falling freely, but it is 
communicated by the whole pressure of the surround- 
ing fluid; in consequence of which, the water rushing 
towards the orificJe in all dit*ections, causes a con- 
traction in the stream; and at a distance from the 
orifice equal to it's diameter. Sir. I. Newton measured 
the diameter of the section of the stream (which section 
he called the vena cbntrdcta)^ and found it to be to the 
diameter of the orifice, as 21 : 25 ; hence, the sLrea of 
the orifice : the area of the vena contracta (they being 
supposed to be similar) :: 25^ : 21% which is very 

nearly as a^^ : 1 ; and as (Art. 69.) the velocity is 
inversely as the area of the section, the velocity at the 

vena contractu : the velocity at the orifice : : ^/2 : I . 
Also, from the quantity of water running out in a ^ven 
time, and the area of the vena contracta, Sir I, New- 
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TON found (Art 71.) that the velocity at the vena 
contracta is that which a body acquires in falling 
down the altitude of the fluid above the orifice ; hence, 
the velocity at the orifice (being less than that at the 
vena contracta in the ratio of .^T : l) is {Mech. Art. 
248.) that which a body would acquire in falling down 
half the altitude. 

It has been supposed^ that analogous to this is the 
case of air rushing into a vacuum^ the velocity being 
supposed equal to that which a body would acquire in 
falling through a space equal to the height of an homo- 
geneous atmosphere, that is^ about 1330 feet per second. 
But the two fluids are so different in their constitutions, 
that we can with no safety reason from one to the 
other. We know that when water flows out of a vessel, 
the velocity equal to that which a body would acquire 
in falling down the height of a fluid, is the vdocity at 
the vena contracta ; but in the case of the air, we do 
not know that there is any vena contracta^ or if there 
be, we know nothing about its ratio to the area of the 
hole. No experiments have, nor probably can be in- 
stituted, to determine this point. It does not appear, 
therefore, that the conclusion deducing the velocity 
with which air rushes into a vacuum follows from the^ 
principle on which it rests. 

(79.) The principle to be established, in order to 
determine the time of emptying a vessel through an 
orifiee, is the relation between the velocity of the fluid 
at the orifice, and the altitude of the fluid above it. 
Most writers upon this subject have considered the 
column of fluid over the orifice as the expelling 
force, and from thence, some have found the velo- 
city at the orifice to be that which a body would 
acqpuire in falling down the whole depth of the fluid, 
and oth«^, that it is such as is acquired in falling 
through half the depth ; and this, without regard to 
the magnitude of the orifice ; whereas it is. manifest 
from experiment, that the velocity at the orifice, the 
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depth of the fluid being the same, depends upon the 
proportion which the magnitude of the orifice bears 
to the magnitude of the bottom of the vessel. Con* 
elusions thus contrary to matter of fact show> either 
that the principle assumed is not true, or that it is 
not applicable to the present case. The most cele- 
brated theories upon this subject are those of D. Ber- 
noulli and M. d'Alembert ; the former deduced 
his conclusions from the principle of the canservatio 
virium vivarum, or^ as he calls it, the equalitas inter 
descensum actualem ascensunique potentialem, where by 
the descefisus nctucdis he means the actual descent of 
the center of gravity, and by the ascensus potentialis he 
means the ascent of the center of gravity, if the fluid 
which flows out could have it's motion directed up- 
wards ; and the latter, from the principle of the equi- 
librium of the fluid. This principle of M. d'Alem* 
BERT leads immediately to that assumed by D. Ber- 
noulli^ and consequently they both obtain the same 
fluxional equation, the fluent of which expresses the 
relation between the velocity of the fluid at the orifice, 
and the perpendicular altitude of the fluid above it. 
How far the principles here assumed can be applied in 
our reasoning upon fluids, can only be determined by 
comparing the conclusions deduced from them with 
experiments. 

(80.) The general fluxional equation above mentioned 
cannot be integrated, and therefore the relation he«^ 
tween the velocity of the fluid at the orifice, and it's 
deptli, cannot from thence be determined in all cases* 
If the magnitude of the orifice be indefinitely less than 
that of the surface of the fluid, the equation gives 
the velocity of (he fluid equal to that whkh a body 
would acquire by falling in vacuo through a space eqiial 
to tile depth of the fluid. But the velocity here de- 
termined is not that at the orifice^ but at the vena con- 
tracta ; for the fluid by flowing in all directions to the 
orifice contracts the stream, and the velocity being 
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inversely as the area of the section^ the velocity cdn- 
tinues to increase as long as the streand^ by the expel- 
ling force of the fluids continues to decrease, and when 
the stream^ ceases to be contracted by that force, at that 
section of the stream, or at the vena contracta% the 
velocity is found, by this theory, to be • that which a 
body would acquire in falling through a space equal to 
the depth of the fluid. To determine therefore, by 
theory, the time in which a vessel empties itself, we 
must know the proportion between the area of the 
orifice and the area of the vena contracta; but no 
theory will give this» The times therefore of emptying 
vessels, even in the most simple cases, cannot be deter- 
mined by theory alone. 

Prop. XXXV. 

^a vessel emptu itself through a very small orificej^ 
(he velocity of the fluid at the orifice varies as the square 
root i^the altitude (a) of the fluid above if. 

(81.) For the velocity at the orifice is that which is 
acquired (Art. J6.) in falling down j a, a nd conse- 
quently (Mech. Art. 241.) it varies as \/^a, or as y/ii. 

Prop. XXXVL 

ff a vessel empty itself through an orifice at the 
bottom, and the area of the section^ parallel to the bot- 
tom, be every where the samcy the velocity of the sur^ 
face of the fluid is uniformly retarded^ 

(82.) For (Art. 75.) the v^ocity of the descending 
surface is to the velocity at the orifice, as the area of 
the orifice to the area of the surface, which is a con- 
stant ratio ; hence, the velocity of the descending sur- 
face v^ies as the velocity at the orifice^ or #s >/a by 
the last Article ; that is^ the velocity of the descending 
sur&ce varies as the sqviare root of the space wbich i|: 
has to describe, which is exactly the case of a body 
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projected perpendicularly from the earth's surface^ where 
(Mech. Art. 245.) the velocity is as the square root of 
the space to be described ; and as the retarding ibrce is 
constant in the latter case, it must also be constant in 
•the farmer. 

Prop. XXXVII. 

If a cyKndricalor prismatic vessel^ having an orifice 
at the bottom^ be kept constantly fully twice the quantity 
which the vessel contains^ will run out in the time it 
would have emptied itself. 

(83.) For the surface of the fluid being uniformly re- 
tarded^ and it's velocity becoming equal to nothing at 
the bottom^ the space {Mech. Art. 236.) which the 
surface 2£;ou/^ describe with the first velocity continued 
uniform for the time in which the vessel would empty 
itself^ is twice the space which the surface actually 
does describe in the time it empties itself; in that 
time therefore the quantity discharged in the former 
pase is twice that in the latter, because the quantity 
discharged when the vessel is kept full, may be measured 
by what voould be the descent of the surface, if it could 
descend with it*s first velocity. 

Prof. XXXVIII. 

If a cylindrical or prismatic vessel whose altitude is 
hf empty itself through a very small orifice (a) at the 
bottom (A), and szsiG-^ feet, the time (t) of empty- 
ing itself ss \/ — X — 

s a 

(84.) By the last Proposition, in the time t the 
quanti^ discharged with the first velocity (v) is equal 

*1 yf X h 

to 2 Ax hi hence, (Art. JJ.) v = j- ; therefore, 

ay\ t 

#=1 ; but (Mech. Art. 248, and Hyd. Art. 78.) 
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V = V4« X |A = ^isk; consequently, t st— x 



2h 



= V — X -. 



(85.) Cor. Hence, the time of emptying any 

depth h varies as \/h; if therefore equal intervals 
of time be taken from the end of the motion, the 
spaces described in these intervals are as 1^ 3, 5, 7, &c. 
(Mech. Art. 247)* Also^ the time of emptying any 

/2k A 

other depth k from the bottom is y — ^ "~ ; conse^ 

S Cb 

quently, the time of emptying any depth A — A: from 

the top » V I X - X V^-VX 

For the time of emptying vessels in general, see the 
Fluxions. 

» 

Prop. XXXIX. 

I 

To find the distance to which Jiuids wiU spout Jrom 
the side of a vessel placed upon an horizontal plane. 

(86.) Let ABCD be a vessel filled with a fluid, and 
BC be perpendicular to the horizontal plane CLy and 




C K 

upon BC let a semicircle be de9*ribecl, and GH ao 
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ordinate perpendicular to BC; then the distance CR 
to which the fluid spouts through a very small orifice 
at G is=2 OH. By Art. 7^. the velocity at the vena 
contracta^ which is extremely near to the vessel, is that 
which a body would acquire in falling down BO; we 
are therefoice to consider this as the velocity with which 
the fluid is projected^ and not the velocity at the ori- 
fice. Now {Mech. Art. 313. and 320.) the curve OR 
described by the fluid is a parabola, and BO is one* 
jfourtb of the parameter belonging to the point O, 
which point is the vertex of the parabola, the fluid 
spouting out horizontally ; hence, 6^C is the abscissa, 
and CR it's ordinate ; and by the property of the para- 

bola, 4BOx OC^ CR", therefore Ci?=5= 2 ^BOxGC 
= 2 GJJ, by the property of the circle. 

(87.) CoR. If C^= J3G, then^A = G^,and thefluid 
spouts to the same distance from g as from 6. If BC 
be bisected in O, then the distance CT, to which the 
fluid spouts, is equal to 2 OPsx CB, and this is the great* 
est distance^ OP being the greatest ordinate. 

(88.) If tbo fluid spout perpendicularly upwards, it 
ought (Art 78.) to rise to the altitude of the surface 
of the water in the vessel ; but it falls a little short of 
this, paitly froioi the friction at the orifice, partly from 
the resistance of the air, and partly from the falling 
back of the water. If the water spout upwards through 
a pipe, instead of simply a hole, it does not ascend so 
high, because there being no vena contracta, the velo- 
city is not increased immediately after it leaves the 
pipe, as it is when it flows out of a simple orifice. Also, 
there is a certain measure of the hole, compared with 
the size of the vessel, through which the velocity is the 
greatest. For the retardation arising from the sides of 
the orifice varies as the circumference of the orifice, or 
as it's diameter^ and the quantity of fluid passing through 
varies as the square of the diameter ; therefore by di- 
minishing the orifice, the retarding force does not 
decrease so fast as the quantity of fluid to oppose the re- 
tardation, decreases j consequently there is a diminution 
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of velocity from this cause^ when you diminish the 
hole. On the contrary, when you diminish the hole, 
the eflfect of the pressure on a smaller quantity of fluids 
appears to be in fttvour of increasing the velocity* 
These seem to be the reasons, why there is a certain 
size of the hole which gives the greatest velocity to (h^ 
issuing fluid. 

(89.) The very near agreement of this theory with 
experiments, proves^ very satisfactorily, that the velo-^ 
city of projection must be that which is acquired in 
falling down BG^ the whole altitude of the fluid. 
And the agreement of the theory of emptying, vessels 
with experinients, shows, very clearly, that the velocity 
at the orifice must be that which is acquired in falling 
through half the altitude of the fluid. Almost im- 
mediately, therefore, afler the fluid gets out of the 

orifice, it's velocity is increased in the ratio of 1 : ^/2. 

According to Desaguliers, through a hole of 1 inch 
square, and 25 inches below the surface of the water, 
the water running out in 1 hour would be 5,2 tons; 
this he found from repeated experiments. Now as the 
quantity run-out is as the velocity and area of the hole 
conjointly, and the velocity is as the square root of the 
depth, if ass area of the hole, h = the altitude of the 

water above the hole, then 5x1: njlixa :: 5,2 : 

1,04 a^/ A the quantity run out in 1 hour, the water 
continuing at the same height above the hole. 

For the motion of water through pip^^ ^see our 
Experiments. 



Sect. V. 

On the attraction of COHESION; and 
ON CAPILLARY ATTRACTION. 



Prop. XL. 

If two ghhules of mercury ^ lyifig on a smooth plane, 
be brought to touchy an attraction then takes place, and 
they immediately rush together, and form one complete 
globule. 

(90.) Xtr the gfobules be examined with a micro- 
scope, no efiect is found to take place till they are 
actually in contact^ and then they rush violently toge- 
ther ; this therefore can only be accounted for by an 
attraction which begins at the instant they come into 
contact. 

(91.) The same effect takes place between two glo- 
bules of water, when they are laid upon a surface on 
which they can freely move. 

Prop. XLl. 

If two glass planes AL, BL, (of which BL is hori^ 
zontal) be incUned at a very small angle, and just 
moistened with oil, and a drop P of oil be placed between 

them, it wUl move towards their concourse L. 

» 

(92.) This arises from the attraction of cohesion be- 




tween the drop and the glass planes ; for if o be the 
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centre of the drop, and amy on represent the attraction 
of the drop to each plane (the whole attraction acting 
perpendicularly to the planes), then the compound 
motion oCy being directed to L, will give the drop 
a motion towards that point. The planes are first 
moistened, that the drop may move freely. 
. (93.) If the point L be elevated, until the motion of 
the drop ceases, the action oc then becomes equal to 
the accelerative force of P down the inclined plane 
LB ; consequently the ratio of the accelerative force 
upon that inclined plane to the force of gravity, or 
{Mech. Prop« 6l.) the height of the plane to the 
length, gives the ratio of the attraction oc to the weight 
of the drop. 

Prop. XLIl. 

If two plane surfaces of metal, 8^c. be smeared miih 
oilj grease, Sgc. and pressed together, they mil cohere 
very strongly. 

(94.) This effect arises from two causes, the pressure 
of the surrounding air, in consequence of th^ air from 
between being expelled, and from the attraction of 
cohesion. That it arises partly from the former causef, 
is manifest from hence, that if two plates be thus put 
together and cohere pretty strongly in the air^ when 
they are suspended in the receiver of an air-pump, after 
exhausting the air, the under plate will frequently 
fall ; when it does not fall, it shews that there must 
be an attraction of cohesion, at least equal to the 
weight of that plate. If the air be expelled by dif* 
ferent substances, as oil^ turpentine, grease, &c. it is 
found that the attraction of cohesion is different. This 
therefore miist arise, either from the air being expelled 
more perfectly by one than the other, or that the attrac- 
tion is rendered stronger by bUe than by another. 

It is this attraction of cohesion by which the con- 
stituent particles of a body, admitting them to be in 
contact,^ are kept together. When you break a body, 
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you ovetcome this attraction ; and if you could join 
the parts together again exactly in the same manner, 
it would be as strong as before. On this principle 
we may explain the different degrees of hardness of 
bodies. Hard bodies may consist of constituent par- 
ticles which touch in a great part of their surfaces, and 
thus their attraction may be very great. The consti- 
tuent particles of sofl bodies may touch in a few points, 
and thus their attraction will be weakened. Solids 
are supposed to be dissolved in menstruums, from the 
attraction of cohesion between the particles of the fluid 
and body being greater than the attraction between the 
constituent particles of the solid. 

Phop. XLIII. 

There is an attraction of cohesion between water and 
glass. 

(95 •) For take a piece of very clean glass, and hold 
it in an horizontal position, and a drop of water will 
remain suspended from it's under sidcv 

Prop. XLIV. 
The constituent particles of water attract each other. 

(96.) For a small quantity of water always forms 
itself i^to a globule, if no external circumstance tend 
to prevent it: this can arise only from the mutual 
attraction of it's patts. If the quantity be large, the 
upper surface will grow flat, from it's gravity overcom- 
ing the attraction of it's parts, but the sides will still be 
45onvex. 

Prop. XLV. 

There is an attraction between water and glass, at 
a distance. 

(970 P^^"* water into the glass vessel ABCD, and 
if no attraction took place between the water and 
glass, the surface mn would be horizontal. Take mr 
^mt^ns^nVy and suppose the glass to act upon the 
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water through these distances; then the glass mr will 
attract the surfiice mt, and ns will attract nv, and 
pert of this attraction acting upwards, the gravity 
of the columns of water under mt, vn will be dimi- 
nished by the attraction, and more diminished the 



nearer to the sides ; consequently their lengths must be 
increased in order to be in equilibrium with the other 
columns whose gravity is not diminished ; hence, the 
water will rise in a curve ax, cz, from the points x and 
z, as lar as the attraction extends, and the other part 
0!% will be horizontal. Now when water is put into a 
glass vessel, the surface of the fluid puts on the form 
axzc; we conclude, therefore, that glass acts upon 
water at a distance. In like manner, if any piece of 
glass be immersed in water, the water will rise on each 
side of the glass. 

(98'} Cor. 1. Hence, if two pieces of glass, parallel 
to each other, be immersed in the vessel, the water 
will rise against each. Let ihem be so near, that the 
two curves ax, cz may just meet, then will a certain 
quantity of the fluid between them be raised above 
the surface of the fluid in the vessel. Bring them 
nearer, and as the glass still exerts the same attraction, 
it must, upon this principle, raise the same quantity 
of water, and therefore the altitude will be inversely 
as the distance of the planes ; for the same attraction 
being exerted, there must be the same quantity of 
fluid supported, consequently the altitude of the fluid 
will increase as the distance of the planes decreases. 
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This seems to be conclusive, admitting the water to 
be both raised and supported by the attraction of a 
small part of the glass contiguous to the upper surface 
of the fluid. But as (Art. 95.) there is an attraction 
of cohesion between glass and water, after the water 
is raised by the aforesaid attraction, it will then^ in 
part, be supported by the attraction of cohesion. An 
additional quantity of water may therefore probably 
be supported from this cause. 

(99.) CoR. 2. If the glass planes be inclined to each 
other, then it follows, from these principles^ that as the 
distance between the glasses decreases, the altitude 
of the water will increase. Mr« Hauksbee informs 
us^ that he very accurately measured the abscissas and 
ordinates of the curve formed by the upper surface of 
the water between the gt^ss pknes^ and concluded it 
to b(^ the common hyperbola, having the surface of the 
fluid, and concourse of the planes, for it's asymptotes. 
Now if we admit that the w^ter is raised, arid also sup- 
ported, by the attraction of the glass lying jiist above 
the surface of the water, the curve ought to be the 
common hyperbola; for if we divide the water into 
laminae of the same thickness, then there beiilg the 
same attraction exerted upon each, the same quantity 
will be supported, and therefore the altitudes (or ordi- 
nates) must be inversely as the lengths of the laminae. 
Or as the distances (abscissas) of the laminae from the 
concourse of the planes^ which is the property of the 
hyperbola between the above mentioned asymptotes. 

Prop. XLVL 

If very small glass tubes^ called capillary tubeSy be 
dipped into water, the water is found to stand in them, 
above the level of thdt in the vessel, at altitudes which 
are either accurately, or very nearly in the inverse 
ratio of thdr diameters. 

(100.) If we admit the fluid to be raised and sup- 
ported only by an annular surface of the glass contigu- 
ous to the upper surface of the water, the ratio ought 
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to be accurately so. For let d == the diameter of the 
tube, a = the altitttde of the water in it; then the 
breadth of the attracting annuius being constant (it 
being the distance to which the attraction of the glass 
reaches), the area of this annulus, or (he attracting 
surface, will be in proportion to the circumference cf 
the tube^ aod consequently to the diameter d ; also^ 
the quantity of attraction must be in proportion to 
the quantity of water supported^ or to d^xa^ the tube 
being cylindrical ; hence, d^xa varies as dy therefore 
dxah constant, and consequently a varies inversely 
as d. Experiments show that this conclusion is accu* 
rately, or very nearly, true. 

(10i«) GoR. 1. If the tube be taken out 6f the fluid 
and laid in an horizontal situation, the fluid wiH recede 
from that end which was immersed. For at that end 
there is no attracting annulus beyond the fluid, whereas 
there is at the other end, and consequently the fluid 
will be drawn towards the empty part of the tube^ 
until the length of the other end, left free from the 
fluid, be equal, or nearly so, to the distance to which 
the attraction reaches* 

(102.) Dr. Hamilton, in his Essays, thinks, that 
the flui^ is not supported by the attraction of the an* 
nular surface of the tube contiguous to the upper sur- 
face of the water, but by the annulus at the bottom, 
contiguous to the bottom of the tube ; this he sup* 
poses will first draw up a plate of water immediately 
under it, and then a succession of plates, till the 
weight of the whole is equivalent to the attraction of 
that annulus. If this were the case, the quantity sup* 
ported, and consequently the altitude of the fluid, 
would dejpmd upon the orifice at the bottom ; whereas, 
experiments show that the altitude at which the fluid 
is supported, depends upon the diameter of the tube at 
the upper surface of the fluid, without any regai^d to 
the form of tlie tube below it. Again, if in a capillary 
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tube, water will stand st the allitude of ao inch above 
the aurfiice of the fluid in the vessel, and you depreu^ 
the tube till there be Miy an inch of it above the sur- 
&ce, the water will then not rise to the top c^ the tube; 
and if you d^)re88 the tube stili lower, Uie water will 
not rise to the top. Thus there will always be an an- 
nular surjeoe of the tube above, the fluid, which is a 
strong argument in favour of the fluid being Bupported 
by the attraetion of such a surface. If the fluid were 
raised by the attraction of the anaulus at the bottom^ 
when the length of the tube above tlie surbce was less 
than an inch, the fluid ought to run over. Mid thus a 
perpetual motion would be fisrmed. 

(103.) Dip the tube J!y(con8i8tingof two cyUndrical 
tubes joined together) into water, and suppose the 
fluid to rise to a by the capillary attraction; invert 



the tube, end the fluid will rise to 6, the same 
altitude, where the diameter is the same. If we admit 
the. principle in Art. lOO, the annular surfiice b^ng 
the ^ame in both, thb same quantity of fluid ought to 
be supported, whereas, when the smalt end is down- 
wards, the quintity suppwted is less. But if we 
adifiit the fluid to be partly retained by the attraction 
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of colietionj the quanlky of the surface being less AvHh 
the smaller end downwarda, the whole safq>ort is less, 
and therefore the quantity sii|)fiorted ought to be less. 
This seeoiB to be in favour of the supjKtrt being partly 
by the attraction of cohesion. 

(104.) . If tbe,vrat£r rUe in the capiltvy tube xy Utbt 
and another ve^t ax be put into the water, bavii^ 
the iipp» part cafHtlary, ani) equal to that of xif, but 
the lower part of any size ; then if the air ;be drawn 
out of this vessel by .suction until the watec enters into 
the capillary part, it will stand at the same altitude as 
in the tube Xi/, after the suction ceases and the air is 



admitted into the capillary part. Here the cylindrical 
part ad is supported by the same power as the water 
in the other tube, and the other part mvn, rtd is 
supported by the pressure of the air upon the surface 
of ,the \fater in the, vessel, in consequence of the , air 
being chvwn from within; and this vs proved from 
hence, that if the whole be put under a veceiver of 
an air-pump, and the air be exhausted from the sur- 
face of the vessel, the water will not be supported. 
Dr. JOrin sfeys, that the water will be supported m 
vacuo i but in his time, the' air^p^mps would not 
exhaust sufficiently to determine this point ; for the 
altitude to which the water rises being very-smalt, it 
requires a considerable d^ree of exhaustion before the 
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water will &H. The pomps which are now made^ 
show that -the water will not be supported after a very 
great degree of ^xliaiistion. 

.. (Id5.) K a vessd of water be put under the feteWer 
of an air pump, and the air be exhausted, and tttpil^ 
lary tubes be then innilersed in it, the water wilt Hse to 
the same altitude as when the vessel was exposed lo the 
air; the air, thei^ibte^ has no efiect in causing the 
ascent of the water. 

(106.) Difierent fluids will rise to diflferent altitudes 
in the same tube. Spirituous liquors, which are lighter 
than water, rise to a less height than water, which^ of 
all fluids appears to rise to the greatest height. This 
can arise only from the different d^rees of attraction 
of these fluids to glass. 

Hence it is> that water ascends in sugar, salt, and 
dry porous substances in t!ontact with the water. 
Hence also, the ascent of moisture up the fine tubes 
of vegetables ; the motion (^juices through the glands 
ia animals, &c. 

(107.) The diameter of the tube multiplied into the 
altitude of the fluid In it, is (Art. 100,) accurately, 
or very nearly^ a constant quantity for the same fluids 
which, by experiment, is found to be ,053 of an inch 
when the fluid is water. 

Prop. XLVII. 

(108.) Let so much cork heattacHedton man, as UnU 
just support him in water ; to find the weight i^ the 
cork, that of the mun being given. 

' • « 

Let nP^=s weight of the man, M his magnitude^ in^ 
bis. specific gravity, C»= magnitude of the cork, Csit's 
specific gravity, w s= that of water* Then Afm =.w eight 
of the man:, Ccs that of the cork^ and M+Cx Wsz 
weight of -water equal in nnagnitude to M-^-C. Hence 
from Prop. l7.Mm'-CcisWTCxw\ but W^Mm, 
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, »># ^ . ^-> w^^ ^ ^ — ^ ^U 

and M = — ; hence, Cc = fr x - x — 7—7 the 

weight of cork required. 

Ex. Let If^=150lb8. c = 2l6^m=slOOO, ii;=900; 
then Ccsz3, 126 lbs. the weight of cork. 

Ex. Let A represent the magnitude of a man whose 
specific gravity 1$ 900, and weight 150lbs. B that of 
cork whose sp^ific gravity is 240, and C that of water 
whose specific gravity is 1000; then a = 960^ & = 240, 

"■ # '■ 3 ' 

5=1000, and the weight B6of cork = 150 x -r = 

5,3lb. the weight of cork to be attached to the man, 
that he may be of the same speqific gravity, as water .> 
Any weight of cork therefore above that, would make: 
him ftoat. 

Prop. XL VI I L 
To explain the principle of the Diving Bell. 

(109.) The diving bell was not invented, but greatly 
improved by Dr. Halley; it's Use is to convey in 
safety a person to the bottom of the sea. It was con- 
structed in the form of a bell, that when it was Jet 
down, the water might rise to a less height witbin, 
than if it had. been made of the same size all the way= 
up. A stop cock was fixed/ at the top^ which could 
be opened by a person sitting in the inside. The bell 
was suspended from the yard-arm of a ship, and let 
down by pullies. By the side of the bell, there was 
let down a barrel open at the bottom, but closed at the 
top, and into the top was fixed a leathern tube^ and 
by a weight attached to the other end, that end de* 
scended below the bottom of the barrel^ which con- 
tained fresh air for a supply to the bell, as that air 
became unfit for respiration. When the person with- 
in* the bell felt the want of fresh air, he took the 
leathern tube and turned it's lower end up into the 
bell, and the fresh air from the barrel ascending in it. 
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rushed into the bell, and at the same time he opened 
the stop cock at the top and let out the foul air. By 
repeating^ this as often as the case req^ir^, the ^rr 
within the bell was kept fit for respiration b This was 
Dr. {{alley's invention. As the bell descends^ the 

Eressure of the water upward at the bottom of the 
ell increases, and cotidenses the air in the belL and 
the water rises up in it 5 and the problem for our con- 
sideration^ is, to what height will it rise ? . , 

(110.) Let ABC be the bell, FD the 
depth to which the bottoil) is immersed, 
DE the height of the water in the bell. 
Pot FD^a, ADs^h, AB^x, S^ihe 
capacity of the bell, »=that of the part 
free from water. Now the height DE 
to which the water rises, depends on the 
weight of the air ; let . therefore m =? alti^ 
tude of the barometer; then 14m=sthe 
altitude of a coluitin of water, which the air would sup- 
port in a vacuum. Now the density of the air in it's 
natural state : density in th« bdl :: s : 5, the density 
being inversely as the space occupied by the same 
^unntity. But the density ^S^ supports' a ediainti of 
water whose altitude is 14 m, and the density s supports 
a column whose altitude is \4^m + FEi since, instefad 
of tlie air pressing on the surface of the water, we itiiay 
substitute a cdumn of water whose height in 14 m. 
Henee^^: S::lAm \ lAm^FE^^nA'^ t S--b:: 14m : 

FE tea — ft — a? = flf— 6+\r, and s x a — b + x = 
I4mx S-s; and when the figure of the bell is givep,^ 
we find X. " ■ ' " , 

_Ex; 1. Let the bell be a cylinder or pmwi, with 
the end downwards; th en s ; S : : oc : ft, and-y : S — s 
:: X : & -j?, hence, o: x a-ft + :^== I4mx ft— j*,' and 

A/a^b^lAmV , ,' 7 rf-&+14w .« 

^=- V — ; -i- + I4m6 - - — : = AE; 

4 2 

hence DE is known. If a=50, ft=s5^ then DE^ 

hl^ feet. 
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\ 

I 

£x« 2. Let^ the bell be a cane ; then s : S :: a? : ii^, 

and s : S--s :: 3^ :¥ — x^ ; hence^ a? x a*- b+w «; 

I4m X 6^— .ic^, from which at: may be fotind^ and then 
DE. 

Ex. 3/ Let the bell be a paraboloid; tbeii 
s : S :: x^ : 6*, and s : S — s :: a?* : i* - a?*^ hence, 

x^x a — 6+a;=14m>: 6*— J?% from which a? maybe 
found, and then DE\ ' *: 

(Hi.) At the top of the faell. Dr. Halle^ fixed a 
meniscof' with the concave part down wands, whicU let 
in safficiient light to read a smalt print by in cakn 
weather. When the sea was rough, the Dr^ was obli^ 
ged to have a candle^ and a candle of 6 in the pound 
is found to consume as niuch air as a man. When the 
cock was opened at the top of the bell^ the water did 
not enter lor this reason. The column of water pi^ss^ 
ing down to come in at the top, is measured . by the 
depth of the top ; but the column of water driving the 
air up the bell to force it'9 way out at th^ top, is ihear 
sured by the depth of the bottom. The 1bv. dispatch- 
ed a man from the bell, by putting a glass cap oVer his 
head made water-tight, a. small pipe going from the 
bdl into the cap to supply him with air, .,TI;teiDan 
was obliged to have weights q» bis feety ,to keep, hioi 
firm on the ground. Dr. Halley, who made the ex- 
periment^ mentioned a small jnconveniency be felt in 
the bell. At first he had a small pain in the ears, af 
if the end of a tobacco-pipe was thrust in; but after 
a little time^ there was a small puff of air with a Httkr 
noise, and then he was easy. One of the men with 
him, to prevent this, stopped his^ars Avith chewed 
paper, which was forced in so far^ that a surgeon ^giot 
tt out with difficulty. The ooFre9poiidence betw^een 
the Dr. and those in the ship was kept up by wridng 
with a nail on a plate of lead^ fixed to the barrel wbkh 
conveyed down the air. The bell should be let down 
gently, or the pressure of the air in it will increase too 
quickly, and materially affect the body. For the same 
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reason, it should not be drawn up too fast. When th 
pressure of the air is the least, a man of middle siz 
sustains a pressure of 30000 lbs., and every 5 fathon 
of depth of water, adds a weight of about SOOOOlbs 
mor^. 

(112.) Mr. Smeaton changed the form of the bell t 
that of a parallelopepidon, or as he called it, <i chest 
This was more convenient for the workmen, a sea 
being fixed at each end for them to sit on. The ches 
was supplied .with iVesh air by a forcing pump througt 
a leathern tube fixed to the top of the chesty anc 
connected with the pump which was in a boot Seve 
ral glasses were fixed to the top of the chest. 

Prop. XLIX. 

There is a small attraction qf cohesion hetweei 
mercury and glass. 

(113.) For a very small globule of mercury will ad- 
here to the under side of a clean piece of glass. 

Phop. L. 

There is a strong attraction of the constituent par- 
ticles of mercury towards each other. 

(114.) For a small quantity of mercury laid upon a 
piece of glass, will, as to sense, form itself into a perfi^of 
sphere. If two of these spheres be brought into con- 
tact, at the instant they touch they will rush together 
with a surprizing quickness^ and form a single sphere. 
This can only be explained upon the principle of the 
mutual attraction of all the parts. As you increase the 
quantity of mercury, it will begin to deviate from a 
perfect sphere, and grow flatter on the u|^r side, 
arising from the gravity of the mercury becoming 
sensible, when compared with the mutual attraction 
of* it's constituent particles ; and when the quantity 
b^onies considerable, the uppei^ surface will not sen- 
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sibly diflfer from a perfect plane, but the videa wiU 
retain their bonvexity* 

Prop, LI. 

If mercury he put into a glass vessel, it wUl stand 
lowest at the sides, and rise in a curve till the surface 
becomes, as to sense, a plane. 

(115.) Thia arises from the mercury attracting itself 
by a greater force than it is attracted to the glass, and 
may be thus explained. A very small quantity A of 
mercury laid upon glass, will, as to sense, form itself 
injto a perfect sphere. If we take a large quantity By it 





will not preserve it's spherical form, the force of gravity 
destroying that figure by counteracting the mutual 
attraction of the particles, and the mercury will put on 
the form xmabnz ; and if two pieces of glass pq, rs 
be made to touch the mercury at m and n, the form 
will not be sensibly altered. If therefore we take a 
glass vessel p 9^ r and put mercury into it, the upper 
surface will still be in the form ma 6n; for it can mani- 
festly make no difference, whether we put the glass to 
the mercury, or the mercury to the glass ; except that 
in the latter case, the spaces mqx, nsr, will be filled 
with mercury, which can have no sensible efiect upon* 
the upper surface. 

Cor. 1. Hence, if a piece of glas^ be dipped into 
mercury, the mercury will be depressed on each side 
of the glass, in the same manner. 

CoR. 2. If the two pieces of glass, pq, rs be 
brought so near, that the depressed parts of the mercury 
may meet, the mercury will be depressed to a distance 
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wbich^ by experiment, is found to be iftveraely as U 
distance of the glasses, accurately^ cm- nearly so. 

Cor. 3. If small capillary tubes be put into a vess 
of mercuryi the fluid in the tubes will be depressed i 
distances below the surface of the fluid in the vessc 
which are found, by mensuration, to be inversely i 
their diameters, accurately, or nearly so. 

CoR. 4. If two glass planes, inclined at a sma 
angle, be put into a vessel of mercury, the mercui 
between them will be depressed below the surface i 
the mercury without the planes, and that depression 
found, (ar nearly as it can be determined by rnensUn 
tion) to be inversely as the distance from the concoun 
of the planes, and therefore the curve is an hyperboli 
having the concourse of the planes for one asymptot 
and the surface of the mercury against the planes with 
out^ for the other asymptote. 
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ON ELASTIC FLUIDS. 



Prop, LIL 

If the jparticles of an elastic fluid repel each other 
with forces varying inversely as the n* power of their 
distances, and d represent the density of any part, and 

c the compressive force upon it, then e varies as d ^ . 

(1 i6.) J^ET ABCD be a square column of the fluids 
mnop, rstv two sections parallel to the base (and con- 
sequently each a square €qual to the base) whose dis- 
tance mr is equal to mn, one side of the square, then 
will the fluid contained between these sections be a 
cube. Let d be the density of the fluid in tkas cube, 
supposed to be indefinitely small, c the compressive 
force on it, and r the distance of the particles ; then 
tme side of the euhb bemg indefinitely small, d, c and 
r may be considered as the same for the whole of this 

cube. Now the number of particles in mn is as - , 

consequently the number in the whole section mnop is 

as -^ . Also, the repulsive-force of all the particles in 

mnop, being as the number of particles and force of 
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each conjoiaily, is as — x — = -j^ ; and as the re- 
pulsive force of each particle acts in every direction^ this 

3f 



m 





K=^ 



repulsive force acting upwards must be equal to the 
compressive force which it sustains, or c will vary as 

— ; they wiU not necessarily be equal, because 



does not represent the quantity of the repulsive force^ 
only what it is proportional to. Also^ the number of 

I 

? 



particles in the cube is as ^, and therefore (Art. 5.) 



I 1 n -f 2 

Vf varies as -^; hence, €^ varies as - , ^nd d ' varies as 

IT r 



f» 4. « 



I .1 ' . 

j^ ; but c varies as -^77; consequently c varies as d ' . 
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(117.) It appears by experiment, that the compressive 
force of the atmospheric air, varies as the density or c 

W + 2 
varies as d; therefore in this case = 1, and hence 

n s 1 ; consequently the particles of air repel each other 
with forces which vary inversely as their distances. Also, 
^ as the compi^essive force of air is equal to it's elastic 
force, these balancing each other^ the elastic force.must 
vary as the density. 

( 1 1 8.) It is manifest that there can be no fluid whose 
density varies in any inverse ratio of the compressive 
force, that is, you can never, by increasing the com- 
pressive force, diminish the density, as any increase of 
the compressive force must compress the fluid into a 
less space, and therefore increase the density, unless 
the particles of the fluid were absolutely in contact, in 
which case the density would remain the same under 
any pressure, which is probably not the case with any 
fluid. Hence n + 2 must be always positive, that is, 
n must be some whole positive number, or a negative 
number less than 2^ in order to constitute a fluid con- 
sisting of particles which repel each other. If we admit 
water to be compressible in a very small degree, the par- 
ticles must be kept at a distance by some repulsive 






force, and d is nearly constant; but d varies as c"+ 

and that c"^^ may be nearly invariable, n must be a 
very great number; hence, upon this supposition, the 
repulsive force of the particles of water varies inversely 
as a very high power of their distances. 

Piu)P. LI II. 
Air has weight. 

ft 

(1 19.) \\ a vessel be exhausted of air, and balanced 
at one end of a beam, upon admitting the air, the 
vessel preponderates. This clearly proves that air has 
weight, and therefore it must press upon all bodies ; 
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and from the weight ne^ssary to balance the tassel after 
the air is admitted, compafed witK the weight of the 
same vessel of water^ we get the specific gravity of air to 
that of water (Art. 5.), which is as 1 to about 885 
in the meftn state of the air» or , when the hakroneter 
stands at 39^ inchjes^ accprding to Mn Havhs^sb* 
Othei^ havQ mad^ the. specific gravities as 1 to 850^ 
when thebaFOQiter standi at 30 ioqhes. . 

Prop. UV. 

The density of the air is in proportion to the force 
which compresses it^ under a certain limitation. 

(120.) Let abc be a glass cylindrical tube,. hermeti- 
cally sealed at c, and let the bottom be covered with 
mercury, whilst the air in U7C is in ifs natural state. 
Poor in mercury at o and it will forcie the mercury to 
rise in wc, and continue to pour in, till the mercury 
stands at y as high above the point or to which it has 
now risen in m?c, as the altitude of the mercury in 'ih6 
common barometer; then that column of mercury 
(Art. 13a.) is equivalent to the weight of the columii 




of air incuitebent upon it; hence, the pressure against 
the air iricx is now tw4ce as much as it wiMg^inst the 
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air io cWy and ex is observed to he=^^ cw ; hence^ the 
air being comptessed inta half the spacer the density is 
doubled. In like manner^ if another column of mer- 
cury of the same altitude be added^ ex is found to 
be=|-cu7; thus the compressing force is made three 
times greater, and the density is three times greater. 
In this manner, the compressing force is found in any 
other case to be in proportion to the density. Tlie 
same is observed to be true in all kinds of factitious 
airs, upon which experiments have been made. 

But when ex^^^cWf or less than that quantity, the 
density does not vary as the compressive force, but in 
a less ratio. For if the cot^pressive force become in-r 
finite, ex does not vanish ; the least value being when 
the particles come into contact. 

( 1 2 U) By increasing the compres^ng force of the air, 
the particle are brought nearer together, but are kept 
from coming into contact by their repulsive force; 
these forces must therefore be equal, when the fluid is 
at rest. The repubive force is what we usually call the 
air's elasticity ; hence, the elasticity of the air being in 
proportion to it's compressive force, must be also in 
proportion to it's density. 

LEMMA. 

(122.) lfa:b::h:e::e:d:: &c. then by Eu- 
clid, J5. 5. p. 12. b : e :: b + e + i/+&c. : e+d+e 
+ &C.; hence, a : 6::& + c + rf + &c. : c+d+e+&cc.; 
for the same reason, b : c :: c + «Z+c+&c. : d-^-e+J^ 
+ &c. and so on to the end of the series. Hence^. vice 
vet'sd, if a : b :: 6 + c + J+&c, : c + rf+e + &c. and 
b : € :: € + d^ €+&c. : d+e+f+hc. and so on, 
theoi will a : b :z b : c :: c : d :: d : &c. 

■ * 

Prop. LV. 

ff the force of gravity be considered as constant, 
and altitm^s from the earth! s surface be taken in arith- 
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metic progression^ the corresponding denmties of the 
air will decrease in geometric progression. 

(123.) Conceive the whole atmosphere to be divided 
into an indefinite number of laminie of e^iia/thicknesS| 
parallel to the earth's surface ; and l-^ fl, J, c, &c. re- 
present the respective densities of these lamina?, begin- 
ning at the surface of the earth ; then the compressive 
force on the laminae a^ h^ c, &c. will be proportional to 
the weight incumbent upon each, that is^ the sum'^of 
the weights of all the laminae above; but the weight of 
each lamina is as the density x it^s thickness, or, as the 
thickness is the same, as it's density ; hence, the com- 
pressive forces on a, fe, c, &c. will be as the sums of all 
the quantities which represent the densities above them, 
or as A + c + ^'+Src. c + rf+e+&c. d + c+y+&c. &c. 
&c. But (Prop. LII.) the compressive force of the air 
is as it*s density ; hence, a : h :\ i + c+rf+&c, : c + d 
+ e+&c. and h : c :: c+d+6 + &G. : rf + c + /* + &€. 
and soon; hence^ by the above Lemma, a x o w h i 
c :: c : d :: d ; e :: &c. Now the laminae being of the 
same thickness, the last proportion shows, that as you 
ascend by equal spaces, or in arithmetical progression, 
the densities decrease in geometrical progression. ^ 

The deiijsity is inversely as the rarity ; therefore as you 
ascend by equal spaces, the rarities increase in geome- 
trical progression. 

Piop. LVI. 

Given the density of the air, tojind the correspond^ 
ing altitude ; and the converse. 

• ^ % 

m 

(124.) By the nature of Ic^rithms^ if the natural 
numbers be in geometrical progression, their loga- 
rithms are in arithmetical progression ; hence, as the 
altitudes increase in arithmetical progression, whilst the 
corresponding rarities of the air increase in geometrical 
progression (Art. 123), it follows, that the altitudes 
increase as the logarithms of the rarities increase. 
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HetJce, if at the altitudes x and y, the rarities be m and 
w, the rarity at the suriace being unity, we have x : y :: 
log. m : log. n. Now Mr. Cotes (Hi/d. p. 103.) col- 
lected from experiment, that at the altitude of 7 miles, 
the rarity is 4 tiif^s greater than at the surface ; hence, 
" y = 7> n = 4, then x : 7 :: log. m : log. 4, there- 
fore ar= 7 x^^^ = 1 1,626 X log. m; if therefore the 

rarity m be given, we know x. Also, Iqg. m a - x log. 4, 

therefore (Flux. Art. I09.) m^i]^; hence, if the alti- 
tude be given, the rarity m will be known. This rule 
is not accurate, because it supposes the compressive 
force of the air to be as it's density, which is not true, 
unless the temperature be the same. 

If it shouW appear that the altitude at which the 
density is 4 times less than at the surface^ be not 
7 miles, then 11,626 must be altered in the ratio 
of 7 to that altitude. 

Otherwise solved. 

Let (Fig. next, see that Art.) AP = x, PM a= y, 
AB^l ; then (Flux. Art. 49. Ex. 4.) i : -y :: y : 

PT= AQ, and x = JQ x ^^; hence, x = AQx. 

If 

0,4342945 X — log.y == AQ X 0,4342945 X 1(^. - . By 
Art. 130. -^Q= 4342,9 fathoms ; hence, x— 10000 x 
log. - , very nearly, expressing, in fathoms, the altitude 

in terms of the density. This is probably a little more 

correct in numbers, than the other solution. Also, if 

Crsthe number whose hyp. log. = l, then (Flux. Art. 

_£_ 1 1 

111.) c**^=- , andy=:— 7-, the density in terms of 
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the altitude. 
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(125.) Let CA be the radius of the earth, which 
produce to Z ; draw AB perpendicular to CA, and let 




it represent the ^n&ity of the air at the sur&oe^ and 
PM represent the density at any altitude AP, and let 
BMD be a curve passing through the extremities of 
all the ordinates Pm. Then (Art. 1 23.) as the altitude 
AP increases in arithmetic progression, the density 
PM will decrease in geometric progression; h^iksd, 
PM is the logarithmic curve, whose subtangent PT 
is the modulus of the system. Let AQ be the dtitude 
of an homogeneous * atmosphere whose density is AB, 
and complete the parallelogram BAQR. Now consider 
the whole atmosphere -/4Z, and the homogeneous at- 
mosphere AQy to be divided into an indefinite number 



* An homogeneous atmosphere is an atmtosphere supposed to be 
of the same weight as that which surrounds the earthy and whose 
density is uniform and equal to the density of the air at the earth's 
surface. 
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of laminae of equal thickness; then (Art. 123.) the 
whole pressure on AB in both cases may be measured 
by the sum^of all the densities of these laminae^ and the 
density being as the laminae PM and AB respectively, 
the pressures will be as the sum of all the PM'Sy and 
the sum of all the AB'^, or as (Fhujc. Art. 49, Ex. 4.). 
AB X PT, and AB x AQ ; but these pressures are 
equal ; hence, AB x PT = AB x AQj consequently 
AQ = PT; the modulus of this system of logarithms is 
therefore the altitude of an homogeneous atmosphere. 
For the general investigation of the density of the 
air, when the force of gravity is supposed to vary as 
any power of the distance from the earth's centre, see 
the Treatise on Fluxions. 

Prop. LVII. 

The altitude of an homogeneous atmosphere at any 
point P, is the same as that at the earth's surface^ the 
temperature being the same. 

(126.) For let Z>=:the density of the air at P, C= 
the compresnTe fdrce of the air at that point, or the 
weight fFof the superincumbent air, JTstthe altitude 
of an homogeneous atmosphere at P, or the height of 
the atmosphere above that point, upon supposition that 
it was reduced to the uniform density D ; then /f^oc D 

W C 

xH, therefore ^^Ti^75» but CocD (Art. 120*); 

heiice, H is constant. 



f2 



^ E C T. Vll 



On the BAROMETER; 



JLnt ancients were ignorant of the weight and 
pressure of the air, for they attributed the cause of the 
ascent of water in pumps, syphons, &c. to nature's 
abhorrence of a vacuum. Even Galileo himself, who 
first observed that water would not rise above 33 or 34 
feet in a pump (though the pump was 40 feet long and 
the^b6cket worked at that height above the water) 
only thence concluded, that nature abhorred a vacuums 
but to a certain degree. But Toricelli^ who first made a 
Bafoineter, observed that at different times^ the mer- 
dury would stand at difierent altitudes, and thenoe 
concluded, not only that the mercury was supported 
by the pressure of the air, but that the pressure was 
subject to a varfatioil. Hence he called this instru- 
ment a Barometer or Baroscope. He further observed^ 
that in, or a little before, fair weather, the mercury 
would rise, and in stormy and rainy weather it would 
fall. Hence^ thh instrument is called a Weather-glassj 

Prop. LVHI. 
To make a Barometer^ 

(ifif.) If St gldss tube mn above 31 inches long, 
hermetically sealed at one end^ be filled with mercury. 
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gnd, putting the finger on the open end, the tube be 
Inverted, and then immersed in a bason abc4 of 



n 



.St 



the same fluid, the altitude at which tlie mercury will 
stand in the tube above the surface of the mercury in 
the bason, is between 28 and 3 i inches. A tube thus 
filled is called a Barometer. 

This is the most perfect barometer ; for although 
there have been contrivances to lengthen the scale 
/above 3 inches, yet there are objections arising firom 
ithe construction^ which more thi^n counterbalance the 
advantage. Sometimes wh^n the tube pomes to the 
height of 28 inches, it is bent in an angle, so as to make 
the scale longer ; for the mercury will always rise to the 
same perpendicular height But the mercury here does 
not rise so freely as when the tpbe was continued up- 
right. This is called a diagonal barometer. Instead 
of ^. bason, the lower end is sometimes bent and turned 
upwards, terminating in a large bulb containing the 
mercury, the bulb having a small hole to admit the 
air. Sometimes the tube is bent and terminating in 
a large cylindrical form, and on the mercury is laid a 
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ball pf iron from which goes a string passing round an 
axis^ and having a weight attached to the other end ; 
to this axis there is fixed an index ; and as the mercury 
rises and falls, it carries the iron ball with it, and that 
turns the axis with the index, the extremity of which 
moves against a graduated circle. Thus you extend the 
length of the scale ; but the friction of the axis obstructs 
the free motion of the index ; the string is also afiected 
by the variation of the humidity of the air. This is called 
a wheel barometer. The upright barometer is there- 
fore the most perfect. 

If in the dark you shake the mercury in the tube, 
so as to make it rise and fall, if you see no light on it's 
surface, it is well filled ; but if light be perceived, there 
is a little air within. The air is best expelled by 
boiling the mercury in the tube, by putting the closed 
end into a sand bath, and gradually heating it till the 
mercury boils. The section of the bason should be 
large compared with that of the tube, so that the surface 
of the mercury in the bason do not sensibly rise or fall, 
on the fall or rise of the mercury in the tube. 

Prop. LIX. 

The mercury is suspended in the tube of a fmrometer^ 
by the pressure of the air upon the surface of the mer- 
cjury in the bason. 

(128.) For if a barometer mn be put under the 
receiver of an air-pump, and the air be exhausted^ as 
you continue to exhaust the air, and consequently to 
diminish it's pressure upon the surface of the mercury 
in the bason, the mercury in the tube will continue to 
descend ; and when no sensible quantify of air is left, 
the altitude of the mercury will not be sensibly above 
that in the bason ; and upon admitting the air again 
into the receiver, the mercury will rise in the tube to 
it*s former height. 

As the density of the air, and consequently it's com- 
pressing force, is subject to a variation, the altitude of 
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Ihe mercury must be sul^ect alao to 9 corresponding 
variation ; it is aliirays however contained between th^ 
limits of 38 and 31 inches. A tube thus filled is 
therefore graduated from 28 to 31 inches. When the 
meroury mef, it's sur&ce becomes convex ; and when 
\t falls, concave. This arises from the attraction of 
the mercury to the glass ; shake therefore the tube 
gently, to make the sur&ce levels bdore you observe 
the height. 

(12*9.) Galileo was the first person who discovered 
the pressure of the air. He found by experiment, that 
water could be raised, by the common pu^ip, to a 
certain height, and no higher \ whareas, had nature 
abhorred a vacuum^ according to the opinion of some 
of the philosophers ^t that time, the wat^ might have 
been raised to -any height He conjectured therefore, 
that it was owing to the air's gravitation ; the truth 
of which was afterwards confirmed by his pupil 
ToRRicsLLius, who (X>n8ider^, that if the pressure 
of the air could support a column of water 35 feet 
high, which is about the mean height to which a 
pump can raise water, it could suspend a column of 
mercury^ whose density is about 14 times as great, only 
about one 14^ part of 35 feet high, or about 30 inches ; 
be accordingly tried the experiment, and found that 
the mercury stood at the altitude which he expected. 
Thus he clearly proved the gravitation of the air ; and 
hence this is called the Torricellian experiment ; and 
the vacuum which is left above, when the mercury 
descends from the top of the tube, after immersing it 
in the bason, is called the Tomce//ia» vacuum. When 
the tube is filled with great care, this vacuum is sup- 
posed to be the most perfect that can be made. 

Prop. LX. 
To find the height of an homogeneous atmosphere. 

(130.) The mercury in thp tube of 'a barometer is 
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(Art 138.) sustained by the pressure of the air; and 
(Art. 33.) when two fluids communicate^ the altitudes 
at which they stand are inversely as their specific gra* 
vities. Let us take the specific gravity of air to that 
of water as 1 : 850, the barometer standing at 30 
inches. Now if we take the specific gravity of ws^ter 
to that of mercury as 1 : 1 4^ we qave the specific gravity 
of air to that of mercury as 1 : 1 1900 ; hence, (Art 33.) 
1 : 11900 :: 30 in. : 11900x30=357000 in.=5,63 
miles, the height of an homogeneous atmosphere, or 
an atmosphere of thie same weight as the present atmo- 
sphere, and whose specific gravity is every-where the 
same as that of the air at the earth's ^urfece. If we 
take the specific gravities of air and water as 1 : 885, 
when the barometer stands at 29^ inches, we shall 
have the altitude of an homogeneous atmosphere 5,77 
miles. The specific gravity of mercury has been here 
supposed 1 4, that of water being 1 ; but when the mer- 
cury is very pure, it*s specific gravity has been found 
to be only 13,6. To determine with accuracy the 
height of an homogeneous atmosphere by this method, 
the specific gravity of the mercury in uie barometer, 
at the time of observation, should be determined, as it 
is subject to a small variation from the difierent tem- 
peratures of the air. By some very accurate experi- 
ments at the temperature of 32^ of Fahrenheit's ther- 
mometer, when the barometer stood at 30 inches, the 
height of an homogeneous atmosphere was found to be 
4342;9 fathoms. 

Prop. LXI. 

The weight of the mercury in the barometer (the 
tube being cylindrical) above the level of that in 
the bason, is equal to the weight of a cylinder of air of 
the same base, reaching to the top of the atmosphere. 

(131.) Let qzhe the altitude of the mercury in the 
/tube pv% take a cylindrical column xvw of the air. 
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whose base xv is equal to vz that of the mercury. 
Now the section nxvm of mercury being at rest, every 
point thereof must be equally pressed^ and therefore 



ro 




equal parts must be equally pressed ; but the pressures 
on XV, vz arise from the incumbent columns xw of 
air and vq of mercury, and these being perpendicular 
cylindrical columns, the pressures are equal to their 
weights (Art. 15.) ; consequently the weights of these 
columns are equal. 

(132.) Some have found it difficult to conceive, why 
the weight of the mercury in the tube should not be 
equal to the weight of the air pressing upon the whole 
surface of the mercury in the bason. *This difficulty 
has arisen from their not making a proper distinction 
between pressure and weight : the columa of mercury 
gives a pressure upwards to the surface of the mercury 



90 THE BAROM£T£tt. 

in the bason, equal to the weight of the whole incumbent 
air ; but as fluids press equally in all directions, this 
pressure which the mercury gives is as much greater 
than it's weight, as the surface of mercury in the bason 
is greater than the orifice of the tube. It is a fact 
similar to the hydrostatical paradox, where a smaller 
weight sustains a greater. 

Prop. LXII. 

IVhen the mercury in the barometer stands at 30 
inches^ the pressure of the air upon every square inch 
is about 15/6.9. avoiraupoise. 

(133.) For by Art. 131, a column of air, of mean 
density, whose base is a square inch, presses as much 
as a column of mercury of the same base 30 inches 
high, the weight of which is about 15lbs. avoirdupoise. 

(134.) Cor. Hence, if we take thesurface of a middle- 
sized man to be 14§ square feet, when the air is lightest 
it*s pressure on him is 13,2 tons, and when heaviest, 
4t is 14,3 ; the difference of which is 2464lbs. This 
dijfference of pressures must greatly affect us in re- 
gard to our animal functions, and consequently in re- 
spect to our health, more especially when the change 
takes place in a short time. The pressure of the 
air ' upon the whole sqrface of the earth is about 
77670297973563459 tons. 

The reason why air is thought to be light in fair 
weather, when it is really most heavy, is, because when 
the barometer is nearly 31 inches high, an additional 
weight of about 3000lbs, of air, above the weight when 
the mercury stands lowest, acts like a bandage all over 
the body, which quickens the circulation of the blood, 
and we find ourselves more lively and alert. 

Prop. LXIII. 

If the tube Vi%of a baroirneter be perfectly cyKndri^ 
' cii/, and be in part only Jilted with mercury^ and then 



n 



THE BAROMETER* 



91- 



it^s qpen end he immersed in a bofion <^ the mme fluid, 
the merctiry will sink below the point y called the standi 
ard altitude^ or the point at which it would, have stood 
if no air had been left in; and the standard altitude 
will be to the depression below that altitude^ as the 
space occupied by the air. after the immersion to the 
space occupied befoire. 

(135.) Let rs be equal to the space occupied by the 
air before the tube is imra^rsed^ or when the air is ia 
it's natural state; after the immersion of the tube into 
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the bason ABCD let the mercury sink to m ; then the 
air which, in it's natural state, occupied the space 
rs, now occupies the space msi and the space occupied 
by the same quantity being inversely as the density, 
or (Art 121.) inversely as the elasticity, we have the 
elasticity in rs : the elasticity in ^m :: sm : rs. Let 
no be the height at which the mercury would have 
stood if no air had been left in the tube, or the height 
of the mercury in the barometer Then (Art. 128.) 
the compressive force of the air, and (Art. 121.) con- 
sequently it's elasticity, when it occupies the space rs, 
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would support a column of mercury no, because the 
air, when it occupied that space, was in it-s natural 
state ; and the elasticity of the air when it occupies the 
space sm would support a column of mercuiy fno, 
because it depresses the mercury from o to m; nence, 
the elasticity of the air in rs : the elasticity in ^m :: on 
: 0171; consequently on : om :: sm : sr. 

(136.) This proposition may be applied to the solu- 
tion of two problems; for we may either give the 
quantity of air left in before immersion, to ^nd the 
altitude of the mercury after immersion, or we may 
give the altitude of the mercury after immersion, to 
find the quantity of air left in before. As the standard 
altitude no (Art. 128.) is subject to a variation, it has 
been usual in this case to assume it 30 inches ; but 
when accuracy is required, it must be taken equal to 
the height of the mercury in the barometer at the time. 

Ex. 1. Let the length ns of the tube be 35 inches, 
and the depression om below the standard altitude no 
(=30 in.) be 10 inches, to find the quantity of air 
left in before inversion. 

As n^s35, and no=:30, wehave^o = 5; also, om=; 

10; hence, sm s= 16 ; therefore, 30 : 10 :: 16 : rs=2 

lOx 16 ^ . , 
= 6 mcnes. 

30 

Ex. 2. Let 6 inches of air be Feft in the same tube 
before inversion, to find the altitude of the mercury 
after. 

In this case the point m being unknown, the second 
and third terms of the proportion are unknown ; put 
therefore J? = om, then a7 + 6=*m; hence, 30 : x :: jp 
+ 6 : 6, therefore J?* +6 a? =160, consequently x= 10 
or- 16. The answer + 10 shows that the mercury 
will stand at 10 inches below o; and the answer- 16 
shows, that if the tube were continued to t;,^and ot 
taken equal to 16 inches, and the space st were filled 
with inercury, the space tv above being a vacuum, 
that this column st ot mercury would also be supported 
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hy the elasticity of the air in sm. In fact^ stssoth, 
and therefore the elasticity of the air which depresses 
a column om, must necessarily sustain an equal column 

St. 

Prop. tXIV. 

y^ be the altitude of the mercury in a barometer at 
the bottom o^ an hill, and b the altitude at the top ; 
to find ifs height. 

By Prop. ir= 10000 X log. - ; but a i b :: I {AB) : 



jfj and -"==?; hence, x = 1000 x log. •? = 10000 x 

(log. a - log. b) very nearly in fathoms. If therefort 
when we take log. a— log. b we remove the decimal 
point 4 places to the right, we get x in fiithoms^ 

Example. 
Alt. mar. at ^ = 29,8 .... log. 1,4743163 

P = 29,1 1<^. 1,4638930 

^P in fathoms ».«...« 103,233 

Further^ log. ialog. a - -j^^; and giving a, jr^ 

we get b the density of P compared with that of A. 

The difference of the temperatures of the air and 
mercury at the top and bottom, is not here considered. 
A Connection therefore must be applied ; and that is 
done by two thermometers having their bulbs im^ 
mersed in mercury below and above, and two in the 
air, by thie following 

Rule. 

(137.) Let Dxsthe difierence of the barometic alti- 
tudes in tenths^of an inch; H^sthe difference between 
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3S^ and the mean temperature of the air ; mst the 
mean of the barometic heights of the mercury ; if as the 
difieren<ie of the mercurial temperatures; £ a the cor- 
rect elevation ; then, 

^^30 (87 ±0,21.)^ 

m ' 

In the first part 4- or - is used^ according as a is 
greater or less than 32 ; and in the second part + or -^ 
is used^ according as the upper barometer is the warmer 
or colder. 

Ex. Let the mercury in the barometer at the lower 
station be at 29^4 inches, it's temperature 50^ ; and the 
temperature of the air 45^ ; and let the height of the 
mercury of the upper station be 25 J9 inches, it's tem* 
perature 46^, and that of the air 39^ ; to find the alti- 
tude of the mountain. 

Here, D =: 294—261,9 = 42,1, a = 10, m = 27,29, 
rf = 4; hence. £ = !2JL^lJiJ£d _ 2,83 x 4 = 

27,29 

41 11,92 feet. 

The principles on which the above Rule is deduced^ 
are these : 

1 . . To produce any fall of the mercury by ascending, 
the altitude is inversely as the density of the air, or as 
the height of the mercury. 

2. When the mercury stands at 30 inches, and the 
air and mercury are of the temperature 32^^ we must 
rise up 87 feet to produce a depression of -^v of an inch. 

3. If the air be of a diflerent temperature, this 87 
feet must be increased or diminished by 0,21 of a foot 
for every degree of difference of temperature from 32*^^ 

4. Every degree of difference of temperature of the 
mercury at the two stations, makes a change of 2,83 
feet in the elevation. 

Hence it is easy to collect the above Rule. 
The altitudes of some of the most remarkable Moun- 
tains, &c. above the height of the Sea. 
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Feet. 

Mount Puy de Domine in Auvergne - - - 5088 

Mount Blanc "j 15662 

Monte Rosa f . - . . 15084 

Arguille d'Argentufe j ^ P* . ^ . - 13402 

Monastery of St. Bernard^ - - - - - • '^944 

Mount Ccnis - *OT12 

Pic de los Reyes ^------.- ^^120 

Pic da Medi | „ - * - . - 9900 

Pic d'Ossano ( ^y''"'^' .-.--- „,oo 

Canegon J---.---^ 6544 

Lake of Geneva ----.--- 1232 

Mount JEtna -- 10964 

Mount Vesuvius --------- 3988 

Mount Heola in Iceland - - - - - - 4887 

Snowdon - - - - - -- -- - 3655 

Ben Moir ---------. 3723 

Ben Laur --.. 3^53 

Ben Gloe --- 3472 

Skihallion .-«...-.-. 3401 

Ben Lomond ---^--•-- 313Q 

Tinto 2842 

Table Mil], Cape of Good Hope ----- 3454 

GoadAr City in Abyssinia 8440 

Source of the Nile * -- 8082 

Peak of Tenef iffe 14026 

Clumbora^on -•--^-.--- 19595 

Cayambourow - - - -- - - - -• 19391 

Antisana --- - 19290 

Pichinha ---------- 15670 

City of Quito 2977 

Caspian Sea below the Ocean ... - - 306 



Dr. Halley's Account of the Rising and Falling of 
the Mercury in a Barometer ^ upon the Change of 
Weather. 

(138.) To account . for the different heights of the 
mercury at several times, it will not be unnecessary to 
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enuitii^rate 3oine of the principal observations tnaij^ 
upon the barometer. 

1st. The first is^ that in calm wieatber^ when the air 
is inclined to rain^ the mercury is commonly low. 

sdly. That in serene, good^ settled weather^ th6 
mercury is generally high. 

ddly. That upon very great winds, though they be 
not accompanied with rain, the mercury sinks lowest 
of all> witn relation to the (k>int of the compass the 
wind blows upon^ 

4thly. That cceteris paribus^ the greatest heights of 
the mercury are found upon easterly and north-easterly 
winds. 

dthly. That in calm, frosty weather, the mercury 
generally stands high. 

6tlily. That after very great storms of wind, when 
the quicksilver has been low, it generally rises again 
very fiast. ' 

7thly. That the more northerly places have greater 
alterations of the barometer than the more southerly. 

8thly. That within the tropics, and near them, 
those accounts we have had from others, and my own 
observations at St. Helena^ make veiy little or no vari- 
ation of the height of mercury in all weathers. 

Hence I conceive, that the principal cause of the 
rise and fall of the mercury, is from the variable 
winds which are found in the temperate zones^ and 
whose great inconstancy here in England is most 
notorious. 

A second cause is the uncertain exhalation and pre- 
cipitation of the vapours lodging in the air, whereby it 
comes to be at one time much more crouded than 
at another, and consequently heavier ; but this latter 
in a g^at measure depends upon the former. Now 
from these principles I shall endeavour to explicate 
the several phaenomena of the barometer, taking them 
in the same order I laid them dpwn^ 

1st. The mercury's being low inclines it to rain, 
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because the air being, light, the vapours are no longer 
supported thereby ^ being become specifically heavier 
than the medium wherein they floated ; so that they 
descend towards the earthy and in their fall meeting 
with other aqueous particles, they incorporate toge- 
ther and form little drops of rain. But the mercury *s 
being at one time lower than at another^ is the efiect 
of two contrary winds blowing from the place where 
the barometer stands ; whereby the air of that place . 
iar carried both ways from it, and consequently the 
incumbent cyhnder of air is diminished, and accordr 
ingly the mercury sinks. As for instance, if in the 
German ocean it should blow a gale of westerly wind^ 
and at the same time an eaisterly wind in the Irish sea, 
or if in France it should blow a northerly wind, and 
in Scotland a southerly, it must be granted me that^ 
that part of the atmosphere impendent over England 
would thereby be exhausted and attenuated, and the 
mercury would subside^ and the vapours which before 
floated in those parts of the air of equal gravity with 
themselves, would sink to the earth. 

2d\y. The greater height of the barometer is occa- 
sioned by two contrary winds blowing towards the 
place of observation, whereby the air of other places 
is brought thither and accumulated ; so that the 
incumbent cylinder of air being increased b6th in 
height and weight, the mercury pressed thereby must 
needs rise and stand high, as long as the winds con- 
tinue so to blow; and then the air being specifically 
heavier, the vapours are better kept suspended, so that 
they have no inclination to precipitate and fall down 
in drops; which is the reason of the serene good 
weather^ which attends the greater heights of the 
mercury. 

3dly. The mercury sinks the lowest of all by the very 
rapid motion of the air in storms of wind. For the 
tract or region of the earth's surface, wherein these 
winds rage^ not extending all round the globe, that 
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stagnant air which is left behind, as likewise that on th^ 
sides^ cannot come in so last as to supply the evacaa- 
tion made by so swift a current ; so that the air must 
necessarily be attenuated when and where the said winds 
continue to blow, and that more or less according to 
their violence; add to which, that the horizontal 
motion of the air being so quick as it is, may in all 
probability take off some part of the .perpendicular 
pressure thereof ; and the great agitation ot it's particles 
is the reason why the vapours are dissipated, and do not 
condense into drops so as to form rain, otherwise the 
natural consequence of the air's rarefaction. 

4thly. The mercury stands the highest upon an east- 
erly or noith-easterly wind, because in the great Atlantic 
ocean, on this side the 35*^ degree of north latitude, 
the westerly and south-westerly winds blow almost 
always Trade, sq that whenever here the wind comes 
up at east and north-east, it is sure to be checked by 
a contrary gale as soon as it reaches the ocean ; there- 
fore according to what is made out in our second 
remark, the air must needs be- heaped over this island, 
and consequently the mercury must stand high, as 
often as these winds blow. This holds true in this 
country, but is not a general rule for others where the 
winds are under difierent circumstances ; and I have 
sometimes seen the mercury here as low as 29 inches 
upon an easterly wind^ but then it blew exceeding 
hard, and so comes to be accounted for by what was 
observed upon the third remark. 

6thly. In calm frosty weather the mercury generally 
stands high^ because (as I conceive) it seldom freezes 
but when the winds come out of the northern and ' 
north-eastern quarters, or at least unless tKose winds 
blow at no great distance off; for the northern parts 
of Germany, Denmark, Sweden, Norway, and all that 
tract from whence north-eastern winds come, are sub- 
ject to almost continual frost all the winter ; and thereby 
the lower air is very much condensed, and in that 
state is brought hitherwards by those winds, and being 
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' accumulated by the opposition of the westeriy vrind 
blowing in the ocean, the niercury must needs be prest 
tO' a more than ordinary height ; and as a concurring 
cause, the shrinking of the lower parts of the air into 
lesser room by cold, must needs cause a descent of the 
upper parts of the atmosphere to reduce the cavity 
made by this contraction to an equilibrium. 

Bth\y, After great storms of wind^ when the ihercary 
has been very Tow, it generally rises again vet*y fast.< 
1 once observed it to rise ly inch in less than 6 hours, 
after a long continued storm of south-west wind. 
The reason is, because the air being very much rare- 
fied, by the great evacuations which such continued 
storms make thereof^ the neighbouring air runs in the 
more swiftly to bring it to' an tequiUhium ; as we see 
water rune the faster for having a great declivity. 

7thly. The variations are greater in the more north- 
erly places, as at Stockholm greater than at Paris,' (com- 
pared by Mr^ Pascall*), because the more northerly 
l^rts have usually greater storms of wind than the 
nu>re southerly, whereby the mercury should sink 
lower in that extreme ; and then the northerly winds 
bringing the condensed and ponderous air from the 
neighbourhood of the pole, and that again' being 
choked by a southerly wind at no great distance, and 
so heaped, must of necessity make the mercury in such 
case stand higher in the other extreme. ' 

8thly. Lastly, this remark, that there is little or no 
variation near the equinoctial, as at Barbadoes and 
St. Helena, does above all others confirm the hypo- 
thesis of the variable winds bein? the cause of these 
variations of the height of the mercury ; for m the 
places above named, there is always an easy gale of 
wind blowing nearly upon the same point, viz. E.N.E. 
at Barbadoes, and E.S.E at St. Helena, so that there 
being no contrary currents of the air to exhaust or 
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accumulate it, the^ atmosphere continues much in the 
same state : however, upon hurricanes (the most violent 
of storms) the mercury has been observed very low, 
but this 4s but once in two or three years, and it soon 
recovers it's settled state of about StQ^ inches. 

The prineipal objection against this doctrine is, that 
I suppose the air sometimes to move from those parts 
where it is already evacuated below the ^equilibrium^ 
and sometimes again towards those parts where it is 
condensed and crouded above the mean state, which 
may be thought contradictory to the laws of statics, 
and the rules of ihe (equilibrium of fluids. But those 
that shall connder how, when once ap impetus ia given 
to a fluid body^-it is capable of mounting above it's 
kvel, and checking others that have a contrary ten- 
dency to descend by their own gravity, will no longer 
regard this as a material obstacle ; but will rather con- 
clude, that the great analogy there is between the 
rising and falling of the water upon the flux ^ad reflux: 
of the sea, and this of accumulating and extenuating 
the air, is a great argument for the truth of this hypo- 
thesis. For as the sea, over against the coast of Essex, 
rises -and swells by the meeting of the two contrary 
tides of flood, whereof the one ^comes from the S.W . 
along the channel of England, and the other from the 
north, and, on the contrary, sinks ^low4t's levelupoa 
the retreat of tl^e water both ways, in the tide of ebb ; 
so it is- very .probable, that the air may ebb and flow 
after the same manner ; but by reason of the diversity 
of causes whereby the air may be set in motion, the 
times of these fluxes and refluxes thereof are purely 
casual, and not reducible to any rule, as are the motions 
of the sea, depending whoUy upon the regular course of 
'the moon. 
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Sect. VIII. 

On the air-pump, and CONDENSER: 



Prop. LXV. 

To construct an Air-Pump. 

(139.) X HE Air-Pump which I use in my expe* 
rimental Lectures is thus constructed. Wf^is a brass 
plate ground perfectly plane, and strengthened on the 
under side with ribs ; at h there is a small orifice^ over 
which stands a glass vessel R, called a receiver^ the 
edge of which is also ground truly plane^ so that if 
a little grease be put upon the edge before it is placed 
en the receiver, it will be air-tight ;. in ^neral^ how- 
ever, a piece of leather well prepared with grease is 
laid upon the plate for the receiver to stand upon ; but 
you may make a move perfect exhaustion by the other 
method, on account of the air which the leather will 
give out; in this leather there is a hole made cor- 
responding to hAn the plate. From A a brass pipe ht 
descends, and turning each way at the bottom enters 
the two barrels, P, Q, at t; and w. At the bottom of 
each barrel there is a small hole against which there are 
two pieces c, <f, screwed on, containing the valves, 
each of which is represented by the figure Z, which is 
a solid piece abed of brass, through the middle of 
which there is a cylindrical hole, partly filled with 
a solid brass cylinder, against the bottom m of which 
a spiral spring x acts, whiqh rests below against a screw 
Zy by means of which the spring may be rendered. 



THE AIK-PUMP. 



Stronger or weaker ; through the brass there are also 
two holes, one from r to t;, and the other from s U> t ; 



and over the top ab there is tied a piece of' oiled silk, 
having two holes corresponding' to r and s i and when 
this piece Z is screwed on to the bottom of the barret, 
the end n of the cylinder nm is pressed against the 
hole in the barrel, by means of the spring x. The 
barrels are truly .cylindrical, having each a sucker r, ,*, 
(without a valve) surrounded with tether, and fitted 
so close to the barrel as to be air tight ; these suokei<s 
are fixed to two brass rods ^, B, having cogs above ; 
mn is a small wheel with cogs acting on those of 
the rods, and moving by an handle ff, which being 
turned backwards and forwards, the rods ^, fi, and 
consequently the suckers «, r, ascend and descend 
alternately. From the top of the pipe ht tfier? 
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proceeds another pipe ou, into an orifice of which 
there is a fixed glass tube a b, having it's lower end 
immersed in a bason L of quicksilver; this tube is 
called the gage, at the .back of which there is fixed a 
frame of wood, which is graduated from the mercury 
in the bason up to 31 inches. At g there is a screw, 
by unscrewing which, you: can admit the air into 
the pipe ou when it is exhausted. The rods A, B, 
pass each through a collar of leathers at k and t, 
which are air-tight. The supporters to the^ whole of 
this are here omitted,, as they would have rendered 
the figure confused, and have been of- no use for the 
understanding of the instrument. This being the con^ 
struction, the exhaustion . takes place in the following 
manner: 

(140.) Turn the handle, and bring ; the sucker r 
down to the bottom of the barrel then the suckers will 
be carried just abovie the orifice v ; and by turning th6 
handle in the contrary direction, s will be depressed to 
the bottom, and r will rise just above i the orifice w. 
Now upon the descent of ^, it must manifestly force 
all the air in the barrel P before it, the sides being air- 
tight ; the air therefore will depress the cylinder nm 
(Fig. Z) and escape through the holes rv, st ; after 
which the screw x will force mn up against the orifice 
at the bottom of the barrel and prevent any air from 
returning into it. Then elevate s and depress r, and r, 
in like manner, will force out all the air before it. Now 
as s ascends, it leaves a vacuum between s and the bot- 
tom ; but when s has gotten above v^ the air will rush 
from the pipe /, which communicates with the receiver 
R and gage ab, into this vacuum, the consequence of 
which is, that the air in the receiver and gage be- 
comes rarefied by being expanded into a greater space ; 
and as this must take place every time each suckei^ 
descends, or at each turn of- the handle, there must 
be a continued exhaustion, and' consequently a con- 
tinued rarefaction of the air in the receiver and gagcf. 
But besides this gage, there is another included in a, 
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glass cylinder e/* which has also a communication with 
the pipe ou; in this there is a bent glass tube ziar, 
hermetically sealed at the upper end z^ and filled with 
mercury to t, as represented by the shaded part. 
Then when the air is exhausted to a considerable de- 
gree^ the pressure of the air upon the mercury at t 
will not be able to sustain the mercury in the other 
leg, and therefore it will descend, and the two sur- 
faces will approach to the same level, and if ydU could 
make a perfect exhaustion, they would stand in the 
same horizontal line ; the difieirence of the altitudes 
therefore (measured upon a scale which lies against 
the tube) shows how much there wants of a perfect 
vacuum. If, to the height of the mercury m the 
other gage, you add the difference of the altitudes 
in this gage, it gives the altitude in the gage ab, if 
you could make a perfect vacuum, or it gives the 
altitude at which the barometer stands at that time. 
By this method you may try whether a barometer be 
properly filled and graduated. 

LEMMA. 

(141.) Let a quantity a be diminished till it becomes 
successively ft, c, rf, &c. and let the decrements a — h,h-~c, 
c—dy &c. be always in proportion to the quantities 
themselves, aybyC,d,&cc. then will both these quantities 
and their decrements^ be in geometrical progression. 

For by supposition, a : a— 6 :: 6 : 6— c .:: c : 
c — rf :: &c. ; hence, dividendo^ a : b :: b : c :: c : 
d :: &c. Also, altemando, a : b :: a '^ b : b ^ c, 
b : c :: 6— c : c— rf, &c. ; hence, a— 6 : ft — c :: 
ft — c : c — ci :: &c. ^ 

Prop. LXVI. 
If b represent the capacity of one of the barrels^ and 
r tmt of the receiver ^ together with the pipes and gages 
connected with it ; thenjhe quantity of air extracted 
cffter every turn : the quantity before that turn :: b : 
2 b + 1* ; and the quantity left in : the quantity before 
:: b + r : 2b + r. 
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(143.) For oonoeive the sacker r to be down and 
^ to be up^ and Jthe receiver^ pipesj gages, and barrels, 
^hich all now communicate, to be filled with air; 
then as the whole capacity of these is 2b + r, the 
quantity of air may be represented by 2b + r, from 
which, by the descent of ^, the quantity b will be 
driven out ; and this must evidently be ^e case at 
every turn. And as the quantity b is taken away^ 
from 2b + r, there must remain -the quantity 6 + r. 

Cor. Henoe^ the quantity taken awiiy at every turn 
being always in the same ratio to the whole quantity 
before the turn, the air can never be all exhausted. 

Prop. LXVII. 

JTie density of the air in the r eceiver atjirst : the 

densitjf qfier t turns :: ab-j-rp : b + r^. 

(143.) For the density is (Art. 4.) as the quantity 
of air contained in the same space. Now the quantity 
before any turn : the quantity after :: 2b+r : b+r 
by Art. 142. and therefore the density at every turn is 
diminished in the same ratio; hence, by the compo- 
sition of ratios, after t turns, the density is diminished 

in the ratio of 2b+rY : b + r]*. 

Hence^ the density is diminished in geometrical pro- 
gression. 

Prop. LXVIII. 

When the density of the air is diminished in the ratio 

ofnil. the number of turns tsz' — ■ .., r , — . 
^ tog.2b + r^hg.h+T 

(144.) For (Art. 143.) n : 1 ::2b + r\^ ib+r^; hence, 
n =» > , consequently {Fluxions, Art. 109.) log. nsa 

2b + r ===E= SSSSS: 

tx log. , ■ ■ =/xlog. 36+r — log. b+r; hence, * = 

log, n. 

log. 36 + r— log. 6 + r 
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Prop. LXIX. 

As the air is exhausted, the mercury will rise in the 
gage ; and the defects of the mercury in the gage from 
the standard altitude, cffler each successive tum^jcrm a 
geometric series , the ratio of whose terms is2h + r:h + r, 

(145.) For as the density of the air within the gage, 
and consequently (Art. 130.) it's compressing force on 
^ the mefcury, is diminished at every turn, the com- 
pressing force of the air upon the mercury in the bason, 
which remains the same, must cause the mercury 
to rise in the gage. If alt the air were exhausted, ^ 
the mercury would rise as high as in the common 
barometer, or to what is called the standard altitude. 
Now the compressing force of the quantity of air 
left in, prevents the mercury from rising to the 
standard altitude, and therefore it's compressing force 
tnust be equivalent to a column of mercury equal to 
the defect; therefore thie defect, being as the com-^ 
pressing force, must be (Art. 120.) in proportion to 
the density, which, at every turn, diminishes in the 
ratio of 26+^ • b+r^ by Art. 143. 

Prop. LXX. 

The ascents o/* the m^cury in the gage, at each suc- 
cessive turn, form a geometric series, the ratio of 
whose term is 2h + r : b+r. 

(146.) The defects of the mercury from the standard 
altitude diminish in the ratio of26 + r: b + r; and the 
diiS^rences of these defects are the successive ascents of 
the mercury ; but, by the Lemma, if a set of quantities 
decrease in geometrical progression, their difierences 
will also decrease in the same geometrical progression ; 
hence, the ascents of the mercury successively decrease 
in the ratio of 24+^ : b+r. 

(147.) The various properties of the air are very 
readily shown by the air-pump ; as in the following 
experiments. 
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Ex. 1. Air is necessary for the ^invduction of sound. 

For if a bell be put under the receiver of an air- 
pump, and the air be exhausted, the bell, when struck, 
cannot be beard ; and if the air be gradually let in, the 
sound will gradually increase. 

Ex. 2. Air is necessary 'for the propagation of sound. 

For if a receiver be put over a bell, and then another 
receiver over that, and the air be exhausted from be- 
tween them, no sound is heard ; the sound therefore is 
not propagated through the vacuum. 

Ex. 3. Air is necessary for the existence of fire. 

For if a candle be put under the receiver and the 
air be exhausted, it immediately goes out. 

Ex. 4. Air is necessary for the existence of animal 
life. 

For most animals put under the receiver, die almost 
immediately upon exhausting the air, and probably all 
wouldy could we make a perfect vacuum. 

Ex. 5. The efiect of the pressure of the air is ren- 
dered visible, by taking away the air from one side of 
a body^ whilst it continues on the other. 

For if a bladder be tied over, the top of a glass re- 
ceiver, and the air be exhausted from within, at every 
exhaustion, the pressuHe of the air upon the bladder 
will continue to depress it, until it bursts with a vei^y 
great explosion. 

These are a few of the properties of the air which 
are s))own by this instrument; but the experiments are 
too many to be all here enumerated. 

Prop. LXXI. 
To construct a Condenser. 

(148.) A Condenser is thus constructied : A BCD 
is a strong vessel called a receiver, made either of glass 
or metal ; if of glass, upon the top there is laid a 
brass plate with a stop-cock a, having under it a pre- 
pared piece of leather to make it air-tight; and also 
a like plate at the bottom. Into the cfock at x there 
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is screwed a syringe EF, having a sucker «, which 
is moved by a handle at ^; at ti^ there is a valve 
which opens downwards, and at o there is an orifice. 
Now let the sucker be drawn up above the orifice a, 
and both the barrel of the syringe and the receiver 




**5~" 



be filled with air in it*s natural state. Then upon 
forcing down the sucker, the air opens the valve at w^ 
and a barrel of common air is forced into the receiver. 
Upon raising again the sucker it, a vacuum is left 
under it^ the valve preventing the air from returning; 
and when the sucker gets above o, the air will imme- 
diately rush in and fill the barrel ; thus upon every 
descent of the sucker^ you force into the receiver a 
barrel of common air, and consequently you condense 
the air in the receiver. 

After the receiver is charged, the stop-cock at a may 
be turned to prevent the return of the air, and the 
syringe may be taken off, and any other apparatus pfiay 
be screwed on for experiments with the condensed air 
in the receiver. 
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If the reservoir be partly filled with water^ and the 
pipe with the stop-cocK descend into it ; then if there 
be screwed on ta its top, a pipe with small holes, upon 
ojjening the stop-cock, the superior pressure of the air 
within the condenser, will force the water up through 
the said holes, and form a fountain. 



Prop. LXXII. 

y b represent the capacity of the barrel of the 
syringe, and r that of the receiver, then after t descents 
m the sucker, the density of the air in the receiver will 
he to the density at first, in the ratio of v^-th: r. 

(149.) For the quantity of air at first may be repre- 
sented by r, and after t descents of the sucker, a 
quantity represented hy th will be forced into the 
receiver, and therefore the whole quantity in it will 
be r+/6; hence, (Art. 4.) the density after t descents 
: the density at first :: r-f^& : r. 

Cor. Hence, the densities after any number of 
successive descents, are in arithmetic progression. 

(150.) If ahc be a glass tube with the end at a 
open, and the other end hermetically sealed, and a 
small quantity of mercury put in so as to leave the 
air in dc in it*s natural state ; then if this be put into 
the receiver with the part he horizontal, and the air 
be condensed, the condensed air pressing on the mer- 
cury will force it towards c, and the air in dc will 
continue of the same density as that in the receiver. 
Now as the density is inversely as the space occupied 
by the same quantity (Art. 370^ ^^ density in dc, and 
consequently in the receiver, is inversely as dc ; when 
therefore dc is diminished until it be n times less 
than it was at first, the density will be increased n 
times. Hence, as the density, after any number of 
successive turns, increases in arithmetic progression, 
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the reciprocals of the spacer will be in arithmetic 
progression, and therefore the spaces themselves will 
decrease in musical progression. This instrument is 
called a gage, 

(151.) A bell in condensed air sounds louder than 
in air in it's natural state. Fire-engines, air-guns, 
artificial, fountains, some kinds of forcing pumps, &c. 
act by condensed air. 



Sect. IX. 



Ok pumps and SYPHONS. 



Prop. LXXIII. 
To construct a common Pump. 

(152.) Xhe Pump was invented by CTEsiBitr^, 
a Mathematician of Alexandria about i 20 years before 
Christ. 

The common Pump is thus constructed. Xy 
is a hollow cylinder having it's lower end in water ; 
P is a fixed sucker ; Q a sucker moveable by means 
of a handle fixed to the rod Ey and each sucker has 
a valve opening upwards. Now let us suppose Q to 
descend as low as it can, and each valve to be shut^ and 
that the pump has at present no water in it ; then 
when Q ascends, the air between P and Q will follow 
it, and consequently it will become rarefied, therefore 
the air under P being now denser than the air above, 
it will open the valve at P and rush into PQ, and the 
whole air within being thus rarefied, it will not open 
the valve at Q, which is pressed down with air that is 
not rarefied. The air therefore in the pump being 
rarefied, the pressure of the air upon the surface of the 
water without the pump will force the water a little 
way up the pump. Now when Q descends, it will 
press down the air under it, and that air will shut the 
valve at P by pressing upon it, but it will open the 
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valve at Q by pressing under it, 'and thus some of the 
air will escape. Then when Q ascends again, the 
pressure of the air upon it's valve will shut it, and the 
same operation will be repeated. Thus at each ascent 
of Q the water will rise, till at length it comes up to Q, 

.1^ 



and then upon the descent of Q, it will open it's valve 
and get above the sucker, and the sucker then, being 
drawn up, it vvill carry the water up and throw it out 
of the spout R. 

If A be the height to which the atmosphere will 
raise the water in the pump, Q has to raise only the 
column of water above that altitude h; it therefore 
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matters not how near P is placed to the water in the 
hole^ since the pump will act equally easy. This is 
called a sucking pump. 

Prop. LXXIV. 

To construct a For^ng Pump. 

(ISd.) Here the sucker Q has no valve^ and the air 
between P and Q isj by depressing the sucker Q, 
expelled through a valve opening outwards at R, instead 
of being expelled through Q, as in the other pump. 

Pnop. LXXV. 

Tojind what height the water in the pump is raised 
at every stroke. 

Let the sucker Qbe at C when there is no water in 
the pump ; and on the ascent of the sucker to Q, let 
the water rise to B. Put -^C= «, AQ :sm,m--nssp^ 
a =s the altitude of a column of water which the air 



would support, 



m + a 



= b, AB = X, then flQ=m— ;t. 



On the ascent of the sucker Q from C to^ 
Q, the water, rises from A to B, and the air 
which at first occupied the space AC, now 
occupies tKe space BQ^ and the elastic force 
of the air is inversely as the space occupied; 
also, the elasticity of the air in AC is equi^ 
yalent to a pressure of water whose altitude 

is a; hence, m-^:n::a: , the altitude 

m — X 

of a column of water which would be sup- 
ported by the elasticity of the air in BU ; 
but that elasticity with the column AB of 
water, is ^uivalent to a column of water 

whose altitude is a ; therefore h ^ » ^ 

• 

and 9r^ h ± ^b^—pa. But it is the least 
root we must here use, foi* the water cannot 



L 



C 



s 
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rise to both altitudes by tht same stroke, it tmist ihert^ 
fore stand at the least, to which it must first cotne, and 
at which, when it does come, there is an equilibrium.' 
If the fluid could be placed at the height denoted by 
the other root^ there would also be an equilibrium. 

.The fluid being got to B, and the sucker at C, to 
find the altitude BE to which it rises at the secotid 
stroke, put BC^n\ BQ:=^m\ AB^r.BE^afy then 
in the above equation putii', ln\ r+xf, torn, m, x, 

VL it 

and we get —7 ^ + r+j^ = a, and x gives BE\ 

and 80 on for any number of strokes. 

In the descent of the sucker Q to C, the valve P \% 
shut, and when the air between Q and P is compressed 
so as to become of greater elasticity than the extimial 
air, the valve of Q will be opened, and the water at 
eadh stroke will ascend us above described. But wheh 
in the descent of Q, the elasticity of the air in the 
pump is not sufiicient to open the valve of Q, the air 
withm the pump will sufier no further rarefaction, and 
the water ^ill rise no higher. Let L be that height, 
to find which, |)ut AL^x^ then LC^n — x, LQ sb 
m - X ; put therefore n-x for n in our proposition^ 

and we have x a + x = a, and x = } m -f 

y/^m*^pd, where the least root is to be taken, for 
the reason before stated. The other root would give 
an equilibrittOQ, but the water could not be raicfed so 
high by the pump. At any height between these two 
roots^ the wdter ^ould be too heavy, 2tt\dtuithauti^em, 
too light 

If pa he gridtrter <thaa ^m*, x is impossible^ and this 
case can have no existence. If m be given, the great- 
eat' altitude to which the water can ri^e, is wheti ^m^» 

pa, and then :t=:|m; and p --^ thfe ieng¥h df -the 



THE P0Rcraa*njifp. 11& 

stroke. Tlwt the pamp tharafoie may iroifc, p must 
•be greatCT than — . 

If m = l6 feet, o = 33, p = ~- = 2 ; the length of 

the stroke must therefore be greater than 2 feet, that 
the potnp may woik. 

In our origioal equation Vx=a; any three of 

the four quantities being given, we may find the fonrth. 

Ex. Given n, a, x to find m, we set m = -^-x. 

Hence m-n*a-^+^— « the length of the Mtrtte. 
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If n = 36, = 33, x = 3, m — n = 4,4 the leng^ of the 
stroke. 

If the orifice at it be veiy small, the water will be 
- forced out with a great velocity. On this principle 
may be constructed the barrels t^ a fire engine. Then 
when the water follows Q sa Q ascends, upon it's 
descent it shuts the valve at P by pressing upon it, 
and opens that at R and forces out the water. 

(154.) In this pump, Q must, at it's highest point, 
be within 33 feet of the water in the reservoir 
ABCD, because in the rarest state of the atmosphere 
the pressure of the air will not raise the water in a 
vacuum above that altitude. In the other pump, P 
must be within a little less than the same distance, in 
order that the water may always rise above it. 

Prop. LXXVI. 

To explain the principle of the motion of water 
through a Syphon. 

(155.) If one end of a Syphon mno be put into a 
vessel of water, and the other end without be lower 



than the surbce of the water ; then if the air be 
drawn out, the water will b^in and continue to run, 
until the sur&ce of the water in the vessel is on a level 



with the end o. 
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(156.)' For when the air is drawn out of the Syphon, 
the water will rise in it to n> by the pressure of the 
air upon the surfeoe^of the water in the- vessel, and 
then it will descend to. o by it's gravity. Now the 
pressare of the air at oto force the water in the direc- 
tion onm, is equal to the pressure of the. air; on the 
surfoce of the fluid- in the vessel to fonce the water in 
the direction mno, at least, extremely nearly so,' on 
account of the very smali difference of the altitudes (^ 
the air above m and o ; but the former pressure is- op- 
posed by the pressure of the column »o,.and the latter 
pressure is opposed by the pressure of the coluoao mm 
the latter pressure of the air therefore t>eing less opposed 
than the former pressure, the fluid must move in the 
direction of the latter pressure, or in the direction 
mno; and the fluid will continue to run till the pres- 
sures of on, mn, become equal, or till o and tn are in 
the same horizontal line, for then. their perpendicular 
heights bei^ equal, their pressures will. be. equal by 
Art. 33. Inus it appears that suction is owing to 
tlm pressure of the air. If the tube be capillary, go 
must be longer,- than the column which is supported 
by capillary attraction, or the fluid will not run out. 

Cor. If a syphon be put into a cup ABC, and the 



longerleg pass through the bottom, and water be poured 
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into the cup till it gets above the top it, it then beipns 
to run, and all the water in the eup will run out. For 
the water ascends in the leg in n as the cup fiUs^ and 
when it gets to n, the syphon begins to act as before 
described. Sometimes, instead of the leg mn, a glass 
tube with it's top closed is put over the other ibsg, and 
the space between this tube and the leg, acts as the 1^ 
mn before acted, and is considered as one leg of the 
syphon. This is called TAirruLus's cup. 

If there be a regular supply of water, but not suffi- 
cient to keep it up, above the top n, so that the surface 
continually descend^ the cup will be emptied, and the 
water will cease to flow out till the suj^ly raises the 
water above n, when it will empty itself again through 
the syphon ; thus there will be an intermission. 



Prop. LXXVIL 

To describe the Hessian Pump. 

Let a&c be a hollow tube open at both ends, revolving 
about a perpendicular axis xy, having its lower end a 
immersed in water. Let stv be perpendicular to jcy, and 
vr to tr; and let tv represent the centrifugal force of the 
point ty and resolve this into two forces tr, rv ; then 
the force tr will tend to raise the 
water up the tube and carry it out 
at c. The velocity of tne tube 
therefore about xy must be such, 
that the centrifugal force may be 
sufficient to overcome the tendency 
of the water to fall back in the 
tube. Several tubes are thus placed 
about the axis xj/, and a round 
trough is fixed under the end c, to 
receive the water. 
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Prop. LXXVIII. 
To de^crih AliCHiMS:p£a's Sfgr^ Tii^ejbr raisings 

Let xj/ be the axis of an inclined cylindec abed, 
amnopqrst a spiral tube running round it, having its 
eads open ; and let such be the position of the axis xjf^ 




that the point m on the under side may be lower t^ban 
the point a ; and so on through the spiitil ; then if 
a ball be put into the spiral at a, it will descend to m. 
Let V be very near m, and turn the cylinder about 
the axis, so that v may come to the under side, and 
then the point m will ascend ; the body there- 
foire will fall down to v, that being now the lowest 
point; the ball therefore has advanced in the spiral 
towards t ; and by continuing to turn the cylinder^ it 
will continue to advance towards t^ and at length fall 
out at the end t. '. The operation by which the ball is 
made to ascend, is like that by which a body is made 
to ascend an inclined plane by forcing the pkne under 
it. If the end a 6 be immersed in water, the water 
will descend to niy and by turning the cylinder^ wilL 
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ascend through the spiral and flow out at t^ for the 
same reason the ball did. 

If the end ab were put into a running stream and 
a water-wheel put oh the axis at y, so that the cylin- 
der might be turned by the stream^ the water would 
continually run out at t, and be received for any pur- 
poses for which it might be wanted. Or water may 
be thrown out of a pond^ by turning the cylinder with 
the hand. 



Sect. X. 

On the thermometer, HYGROMETER, 

AND PYROMETER. 



(1570 ^ THERMOMETER is an instrument con- 
structed to measure different degrees of heat. It is a 
glass tube with a bulb at the bottom, having the bulb 
and part of the tube filled with a fluid ; the tube is 
hermetically sealed at the top, and the part not occu- 
pied by the fluid is a vacuum. Against the tube there 
is a scale to measure the expansion of the fluid under 
difierent temperatures. 

Prop. LXXIX. 
To find whut fluids are proper^ for Thermometers. 

(158.) Fluids expand by being heated, and contract 
again as they grow cold. Those fluids, therefore, which 
are not subject to be frozen, and whose expansion 
is sensible, and i^ proportion to the heat applied, 
are proper for thermometers. Now the expansion of 
mercury, linseed oil, and spirits of wine, is^ as to 
sense, proportional to the heat applied. This Brook 
Taylor found by the following experiment. Having 
constructed a thermometer with linseed oil, he put 
it into cold water, and then into water heated to any 
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degree^ and noticed. the altitudes at which the fluid in 
the thermometer stood in each case. He then put 
equal quantities of these waters together, which gave a 
mean heat ; and by putting the thermometer into this 
mixture, he found that it stood at a mean altitude 
between the two former altitudes. And this appeared 
to be true, of whatev^ teoip^ralyres the two parts of 
water were. The mean temperature therefore always 
agreeing with the mean altitude, the expansion must 
bi in proportioH to the heat. The swie is foi^nd to 
be true of mercury, afi4 of spirits of wine. Mercury is 
best, as being less subject to fi*eeze. 

It is found by experiment^ that fluids imbibe heat 
in proportion to their densities. Hence, if Hy h, be 
the heats of two fluids, Q, 9, their respective quan- 
tities of matter; when mixed together, the heat of th^ 

HQ+hq 
mixture s: — rr-»^ . 

Prop. LXXX 

To Jill a Thermometer. 

(159.) The bore of the tube is so small that tb^ fluid 
cannot be poured in ; therefore to get in the fluid, heat 
the bulb, by blowing the flaoid of a lamp against it 
with a blow-pipe, and you will expel the air from 
within ; then dip the o|)en end of the tube intq^ the 
fluid, and it will rise up into the tube and bulb, by the 
pressure of the air upon the surface of the fluid into 
which you dip it, there being a vacuum, or nearly sp, 
within the tybe and bulb. If it do not fill the first 
time^ repeat the operation till it does ; and if there be 
any air-oubbles, tie a string to the end of thetube» and 
whirl it about till the bubbles escape. Having th«is 
filled the tube, hold it over the lamp till it bqils, and 
in that state, let it be hermetically sealed, and upon 
the descent of the fluid, when it grows cold, the space 
above must be a vacuum. 



« » 

Xh Ibe tube imy be thp^ iEUM, PMt the upp^r &$i 
^ tbQ tube into thq $tem erf" ^ Cunn^lf and pour w^t^r 
mtQ tbe faopel} thi^n bold tb^ bulb ovi^r the flame of 
lufop or caodiei irnd the hee^t will es^p^l the air frooi 
thfftube, TbeQ tak^ tb^ bu)b from the flame, wd 
the presfure of the itir on th^ water will fprce it into 
the tube. 

If the w be all expelledA ajpd you turn the tube 
with the bulb upwards, the fluid will des<^nd to the 
end of the tube, Tbi9 19 a test of the goodness <^ 
the exhaustion of the air. The ball should be large in 
pr€^)ortiQn to the tub^. 

A tbereapmeter tube ought to be a perfect cylinder. 
To find whether it be so, put in a. squall quantify of 
mercury;, and let thix rqn aloug the tube^ and if the 
length of the mercury be the same in every part, the 
tube is a perfect cylinder. 

To have the thermometer very sensible, the bail 
should be large in proportion to tte tube ; and also it 
should be made flet, that the heat may sooner diffuse 
itself througb the mercury, as the efl^t will then 
sooner take plaee^ from a variation of temperature. 
Thermometers are made to extend to different degrees 
of heat according to the uses for which they are intended. 

Phop. LXXXL 

To graduate a Thermometer according to 

Fahrenheit's scale. 

{160.) Having filled the tube of the thermo- 
meter, and fixed it against a fmme upon which the 
graduations are to be made, put it into water just 
freezing, and against the surface put 38; th^n put it 
into boiling water, and against the fluid put 21 2"*. 



* This is not true for all states of the air, as under different pres- 
sures of ihe air» water will boil at diiferenl degrees of beat. 
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Divide this interval into 180 equal parts^ and also 
continue the same divisions down below 33 to the 
bulb. Then will 98 be blood heat^ 76 summer heieit, 
and 55 temperate. If the tube and scale be continued 
upwards to 600, it will give the heat of boiling mer- 
cury ; and if it be continued downwards to 40 below O, 
it will give the cold of freezing mercury. Or a ther- 
mometer may be graduated by comparing it with 
another, in this manner. Put them both into water^ 
first of one temperature and then of another, and mark 
the ungraduated one in these two cases, according to 
the graduated one; then this interval may be sub- 
divided, and the graduation continued both ways. 

(l6l«) Hence, a thermometer may be graduated for 
any other scale. In Sir I. Newton's scale, freezing 
water is 0, and boiling water 34 ; and the other points 
may be found by proportion from the other scale. 
For instance, to find blood heat on this scale^ we may 
observe, that in Fahrenheit's thermometer, from 
freezing to boiling water is 180, and to blood heat 66; 
and in this scale, from freezing to boiling water is 34 ; 
hence, 180 : 6^ :: 34 : 12-^ the point of blood heat 
on this scale. 

(162.) The pressure of the atmosphere against the 
outside of the bulb, not being counteracted by any 
air within^ afi^ts it's magnitude, diminishing it as the 
pressure is increased. The variation, however, which 
this causes on the scale is never above one-tenth of a 
degree. Thermometers are generally made with spirits 
of wine or mercury, because linseed oil is found to 
adhere to the sides of the tube, which prevents it from 
showing suddenly any change of temperature. It is 
better to make the bulb flat than globular, because all 
the fluid will then be sooner affected by a variation of 
temperature, 

(163.) For the increase of 1 degree of heat^ accord- 
ing to Fahrenheit's Thermometer, 

1 * 
Air expands about — -- part of it's bulk. 

436 
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Water expands about ^^jjg part of it's bulk. 

Mercuiy expands about ^v - part of it's bulk. 

Air rarefied by an heat that makes a retort red hot, 
increases in bulk 3 times ; by the heat of boiling water, 
about f ; by the heat of the human body, about -]-. 

Prop. LXXXII. 

To describe Six's Thermometer. 

^ is a glass bulb, from which goes a tube BCD ; 
the bulb and tube is filled with spirits of wine as &r as 
m ; from m to n the tube is filled with mercury ; and the 
end D is either open to the air, or a 
small quantity is left; in and D is 
closed up. Above the mercury on 
each side are two indexes, v, v, which 
are thus formed. A small cylindrical 
iron wire, with a small globule at each 
end, nearly the size of the tube, has " 
fixed to it fine glass threads pressing 
against the sides ^ the tube, and being ^ 
veiy elastic, they support the indexes ; 
and by means of a magnet held against 
them on the outside, they will move 
with the mf^net; thus the indexes 
may be both brought down with their 
lower ends just to touch the mercury; 
hut this must bedone very gently, that 
the globule may not be immersed in 
the mercury. The thermometer be- c 

rng thus constructed, it's use is to shew the greatest 
degree of" heat or cold, during the absence of the ob- 
server. For this purpose, bring the two indexes down 
to the mercury ; then if the heat of the air increase, 
the spirits of wine will expand, force down the mer- 
cury on the side BC, and of course elevate it on the 
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side CD cariying the index with it ; but when tiie 
heat of the air begins to decrease^ the spirits will con- 
tract, and the air in l>n will, by it*s elastic force, push 
down the mercury on the side uC^ thus making it rise 
on the other side and follow the spirits, and the index 
on the side HC will remain suspended and shew the 
greatest degree of heat. But on the increase of cold, 
the mercu^ on the side BC will rise, and continue so 
to do, as long as the cold increasjes ; and upon the 
decrease of cold, the mercury on that side will begin to 
fall, and leave the index suspended, shewing the greatest 
degree of cold. 

Prop. LXXXIII. 

To construct an Hygrometer. 

(164.) An Hygiuombt£r is an instrument to deter- 
mine the degrees of moisture and dryness of the air, 
and is formed by those substamces wiiidi wilt ^cpand 
or contract upon uny aheralion of the moisture. Wood 

« expands by moisture, and contracts by dryness ; on the 
contrary, cord, caf^ut, &c. contract by moisture "^i^, and 
expand by dryness. Various mtebanical contrivances 
have been invented to render setisiUe the smallest vari- 
ations in the lengths of those substances. We will de- 
scribe two of them. Let AM be the section of a cy- 
linder moveable about it's axis> which is parallel to the 
horizon ; at the end of whicfh there is an index move- 
able against a graduated ztcah-, about this cylinder 

^ some catgut is wound, one end of which is fixed to the 
cylinder, and the oCherr caid to something immoveable 



* As an instance of this> the following story is told. An archi- 
tect at Rome having fixed a very high pedestal^ wanted to raise up 
it's obelisk to be set upon it; but when he had fixed his machines, 
hung on it's weight, and drawn it up as far as be could, his roped 
stratched so much, that the obelisk could not be drawn up to it's 
necessary height ; on which he was desired to wet the ropes.; 
which being done the ropes contracted, and raised the obelisk to it's 
true place. 
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9i Z. As tlie rabisture of the air kicftvases^ the cat^t 
eontraets lind turm the tcylinder^ Hod ihe laaotion of 
the index thows the increase of the moktmre \ and as 
the air decreases in moisture, the ca^ut will lengthen; 
and the weight of the index will cany the cylibder 
back, and the index will show the corresponding de- 
crease of Bioisttire. In the second figure^ the catgut is 






fixed at A, and goies over the p«ftttes By C, D, and at the 
other end a weight ^ infixed, h»ving an in^x t whidk 
itiovea against a gnidtiiifted scale ^y^ that sh^ws the in- 
create and deci^ase of the ^length ^ the striiffg^ ttnd oon- 
X iseqaentlfr the Mfcte of the air inrespecttoit'iB mnotstuti^. 
VaTiotis "other contrivances^ upoii the satne principle, 
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have beeii invented^ bat it would be foreign to the 
plan of this Work to ento* into a particalar description 
of every instrument which has been constructed for 
this purpose. 

(165.) Mr. De Luc has made a great many experi- 
ments, in order to find out such substances as expand 
most nearly in proportion to the quantity of moisture 
imbibed. The result was, that whalebone and box, 
cut across the fibres, increase very nearly in proportion 
to the quantity of moisture^ and more nearly so than 
any other substances which he tried. This he found, 
by taking a quantity of shavings of each substance, and 
weighing them at the time when he measured, the 
increase of the length of a slip of each, cut as above 
described, the increase of weignt being always in pro- 
portion to the increase of length. In his construction of 
an Hygrometer, he preferred the whalebone, first, on 
account of it's steadiness, in always coming to the same 
point at extreme moisture; secondly, on account of 
it's greater expansion, it increasing in length above one- 
eighth of itself, from extreme dryness to extreme moist- 
ure ; lastly, it is moi*e easily made thin and narrow. 

It is a little extraordinary, that when he took threads 
of some substances in the direction of the fibres, they 
first increased as the quantity of moisture increased, 
and afterwards upon a further increase of moisture, 
they decreased in length. See the PhiL Trans, for 

1791. 

It must be observed, that of whatever substance an 
hygrometer is made, in the course of time it will cease 
to act as it ought, and must be supplied with a fresh 
substance. 

An accurate Hygrometer may be formed by vitriolic 
acidf in the following manner. In a pair of scales 
having a very sensible beam, put in. one scale a plate 
with vitriolic acid in it, and balance it by weights in 
the other scale. Then as the acid imbibes the mois- ^ 
ture from the air, that scale will preponderate, and 
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ti time, find whmt weight will restore the 
Repeat this st diflferent times, and the 
additional weights added will shew how much moisture 
has been imbihed^ which most he in pn^portion to the 
moisture of the atmosphone. 

Prop. LXXXIV. 

To construct a Pyrometer. 

(166.) A Pyrometer is an instrament invented to 
show the expansion and contraction of metals by heat 
and cold. Various machines have been constructed far 
this purpose ; but as it would not be consistent with the 
plan of this Work^ to enter into a particular descrip- 
tion of each^ we shall here only explain the general 
principle. Let abchea, lever, whose fulcrum is 6, act- 
ing upon another lever cde, whose fulcrum is d; and 




*-4 



let to be a metallic rod, one end of which rests against 
an immoveable obstacle P^ and the othef 6nd against 
the lever a&c at a. If a lamp be put under this rod, 
the halt will increase it's length, and put the levers in 
motion; now 

vel. of a : vel. of c :: ab : be 
vel. of c : -vel. ofe :: cd : de 

•*. vel. of a : vel. of e :: abx cd i bcx de. 

Heiice» if be and de be very great in proportion to 
ah and c^^ a sra'ail increase in tli^ length of u> will pro- 
duce a considerable motion in the point e^ which may 
be measured upon the e:raduated arc vvo. 



, "1 
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For exanjplei if aft : he :: 1 : 25^ and cd\ dewX 
: 40, then abxcfl i bcxde n 1x1 : 26X40 :: 1 
: 1000 ; hence, whilst the rod increaaes the 1000^ part 
of aQ inch, the end e will describe 1 inch. On this 
principle the least increase of the length of the rod be- 
comes visible. Instead of putting the lamp immedi- 
ately under the rod to, this rod is laid upon another 
piece of metal, called the heater, the rod w being laid 
upon it whien the lamp has given the heater it's greatest 
degree of heat. 

(I67.) In this manner Mr. Mitschekbroek made 
experiments to determine the proportion of the expan- 
sions of difierent metals, by applying a different num- 
ber of lamps, and found the results as follows : 



LftlBpS. 


troiK 


Steel. 


Copper. 


Brass. 


Tin. 


Lead. 


1 


80 


85 


89 


110 


153 


155 


s 


117 


123 


115 


220 


# 


274 


3 


143 


168 


193 


275 


« 


# 
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3U 


270 


270 


361 


« 


« 


. & 


230 


310 


310 


377 


« 


« 



Tin melted with two lamps^ and lead with three. 
With this kind of pyrometer, Mr. Ferguson found 
the expansion of metals to be in the following pro- 
portion; iron and steel 3, copper 4|-, brass 5, tin 6, 
lead 7* An iron rod 3 feet long is about one 70^ of 
an inch longer in summer than in winter. 

(168.) If a metal be put into water, and the water 
be heated, the ihetal expands as the heat of the water 
increases. By this method Mr. Smeaton detevaiined 
the expansion of different metals ; for by means of 
a mercurial thermometer immersed in the water, he 
could always ascertain the degree of heat. He found 
that in equal intervals of time^ the expansions were in 
geometric progression. By this, he was enabled to get 
the .measure of the bar. befoni it was applied to-^e 
instrument. This will be best understood by ex- 
plaining an experiment. The time elapsed between ) 
applying the bftr to the instrument and taking the 



first measure^ was | a minute; thereibte the inteintls 
beti/reeti taking the frucdeeding measures were ^ a mi- 
nute also. The first measure was 208 ; the second 
214,5; the third 2l6,5 ; the fourth 217,5. The 
difi^renees df these ar6 6, 5 ; 2 ; 1. NoW these three 
numbers are hearly equal to 6, 3 ; 2, 25 ; O, 8, ^hich 
form a geometrical progression whose common ratio 
is 2, 8 ♦. As therefore we may suppose the expansion^ 
from the instant the bar was applied to the time of 
taking the first measui'e, followied the same law, wei 
can find the eicpknsion in the first | minute (at the 
end of which the first measure was taken) by con- 
^ titiuing back the progression, or multiplying 6, *3 by 
2, 8, which gives 17,7 for the expansion the first 
I minute; hence, 208- 17,7=19^,3 for the tneasure 
before the bar was applied. The following expansions 
are selected from Mr. SmeatonV table, showitig how 
much a foot, in length, of each increases in decimals 
of an inch, by an increase of heat corresponding to 
180 degrees of Fahrenheit's thermometer ftbm 
freezing to boiling water. See Mr. Sm£aton*s ac- 
count in the Phil. Trans. 1754. 



White glass barometer tabe 


-,01 


Hard Steel - - - 


- ,0147 


Iron 


- ,0151 


Copper hammer^ 


^ - ,0204 


Cast brass - - 


- ,0226 


Grdiii tin - - - 


- ,0298 


Lead - - - 


- ,0344 


2Jinc _ - -i 


- ,0353 



(i^.) Metals being thu^ subject to expansion by 
heat, a pendulum made with a single rod of metal will 
continually be subject to a variation in it's length, from 
the variatit]in of the temperature of the air. To correct 



* The coaclusions drawn from this supposition are manifestly 
inaccurate. 

12 
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this, Mr. Harrison invented a pendulum, called a 
gridiron pendulum, composed of rods of steel and roda 
of brass or zinc, so connected together, that the brass 
expands upwards when the steel expands downwards ; 
and by. a proper adjustment of these rods, the distance 
from t;he point of suspension to the centre of oscillation^ 
may be rendered subject but to a very small variation. 
Mr. Graham invented i^nother rbethod of preserving 
the length of the pendulum the same in different tem- 
peratures. He took a glassy or metallic tube^ and put ia 
some mercury ; and the heat^ which expands the glass 
or metal downwards, expands the mercury upwards; 
by the adjustment therefore of a proper quantity of 
mercury, he could make these effects in altering the 
length of. the pendulum, nearly destroy each othen 
He /ound .the errors of ^ a clock of this sort to be only 
about 4* of the errors of the best clock of the common 
sort. ... - 

■ • rf • * 

Mr. Harrison's pendulum is thus constructed in 
the most simple manper, ad, be, are two steel rods, 
fixed to two pieces ah,cd% and me, sg, are two zinc 
rods, fixed at e, g to the piece dc, but at liberty to ex* 
pand upwards through holes made in the rod ah. 
A cross piece fh of steel is attached to the two zinc 
rods aty) A, and fixed to a steel rod ntrv at /, which 
rod passes freely through a hole in dc at r, and in 
a6 at n ; and B fs the bob, which by at screw at w on 
the rod, can be elevated or depressed. Conceive now 
the temperature of the air to be increased ; then the 
rods ad^ bCf expanding, v^ill let down the piece dc : 
that will let down the rods em, gs, which will sink 
the point t, and consequently throw the bob B further 
from the point of suspension o, or lengthen the pendu«- 
lum. But as the zinc rods 6m, gs^ expand upwards^ 
they carry upwards the piece jTA, . which carries up- 
wards the point t, and therefore brings the bob B nearer 
the point of suspension o, or shortens the pendulum. 
When thefefore these t^o elSects become equal, the 
pendulum will remain of the same length, notwith- 
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..standing the change of temperature; and these may 
be made equal by changing the situation 
ofj'kf so that the parts ef, gh, of the zinc 
rods may expand uptYards as much as the 
steel rods ad, be, expand downwards. 

For common clocks, a deal rod for a 
pendulum is better than an iron one; 
provided the deal be well dried, covered over 
with melted bees-wax, then painted and 
varnished or gilt, so efiectually as to ex- 
clude the moisture of the air from getting 
at the deal. A deal rod alters it's length 
in the direction of it's fibres but little from 
a variation of moisture j excluding there- 
fore .the moisture, the variation of length 
vrill be very small, and much less than an 
iron rod would be from the variation of 
temperature of the air, the efifect of that on 
the deal rod being comparatively very 
small. This kind of pendulum was first 
made by the Earl of Ilav. 



Sect. XL 

On winds, sound, VAPOURS, and the 
FORMATION of SPRINGS. 
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Pfiop. LXXXV. 

To explain the Causes of the varums Winds. 

1[l70.) \ViND ia a current of air, and it's direc-r 
tion is denominated by that poiqt of the compass 
Jrom which it blows. The principal, if not the only 
cause of wind, is a partial rarefaction of the air by 
heat. When the air is heated, it becomes rarer^ and 
therefore ascends ; and the surrounding cold air rush-< 
ing in to supply it's place, forms a current in i^ome one 
direction. Winds may be divided into constant, or 
those which always blow in the same direction ; peri- 
odicalf or those which blow half a year in one direction, 
and half a year in the contrary direction; these are 
called monsoons ; and variable^ which are subject to no 
rules. The two former are also called Trade winds. 
We shall here give the principal phaenomena of winds, 
from Dr. Halley*s History thereof, in the Phihsophi- 
cat Transactions. 

1st. In the Atlantic and Pacific Oceany under the 
Equator there is a constant East wind. 

2dly. To about 28^ on each side of the Equator, 
the wind on the north side declines toward the north- 
east; and the more so, the further you recede from 
the Equator: and on the ^ou/ A side, it declines in 
like manner towards the south-east. The limits of 
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lliese winds are greater in the Atlantic Ocean, on the 
AmerHan^ than on the African side, extending in the 
former oise to about 32^, and in the latter, to about 
28^. And this is true likewise to the southward of 
the Equinoctial, for near the Cape of Chad Hope, the 
limits of the trade winda are 3^ or 4^ nearer die line^ 
than on the coast of Bra$U. 

Sdfyi Towards the Carihee Islands, the aforesaid 
aorth-east wind becomes more and more easterly, so 
as sometimes to be east^ and sometimes east by souths' 
but mostly northwards of the east, a point or two. 

4thly. On the coast of Africa^ from the Candries 
<jO about 10^ N. latitude^ the wind sets in towards the 
north-west ; then it becomes south«-west, approaching 
more to the south as you approach the Cape. But 
away from the coasts^ the winds are perpetually be^ 
tween the south and the east; on the African side 
they are more southerly; on the Brasilian, more 
easterly, so as to become almost due east. Upon the 
coast of Guinea, they are subject to frequent calms^ 
and violent sudden gusts, called Tornados, from all 
points of the compass. 

dthly. In the Indian Ocean, Ifie winds are pacdy 
constant, and partly periodical. Between Madagascar 
and New Holland, from 10^ to 30^ latitude, the wind 
Uows south-east by east During the months of Mayi 
June, July, August, September, Chtober, the aforesaid 
south-east winds extend to within 2^ of the Equator $ 
then for the other six months, the contrary winds set 
in, and blow from 3^ to 10^ S. latitude. From 3^ S; 
latitude over the Arahian and Indian seas, and Bay of 
Bengal, from Sumatra to the coast of Africa^ there 
is another monsoon, blowing from October to April on 
the north-east point, and in the other half year from the 
opposite direction. Between Madagascar and Africa^ 
a south-south-west wind blows from April to October^ 
which> as you go more northerly, ^ becomes more 
westerly, till it foils in with the west-south-west winds $ 
but the Dr. could not obtain a satisfactory account. 



136 WINDS. 

how the winds are in the other half year. To the 
eastward of Sumatra and Malacca^ on the north tide 
of the Equator along the coast of CanAodia and CMna, 
the monsoons blow and change at the same time as 
before^mentioned ; but their directions are more north- 
erly and southerly. These winds reach to the PAt- 
lippine Islands and ' to Japan. Between the same 
meridians^ on the south side <^ the Equator, from 
Sumatra to New Guinea, the same monsoons are 
observed. The shiftins; of these winds is attended with 
great hurricanes. ^ 

(171.) The east wind about the Equator is thus 
explained. The sun moving from east to west, the 
point of greatest rarefaction of the air, by the heat of 
the sun, must move in the same direction; and the 
point of greatest rarefaction following the sun, the air 
must continually rush in from the east and make a 
constant east wind. 

(172.) The constant north<«ast wind on the north 
side of the Equator, and south-east wind on the south 
side, may be thus accounted for. The air towards the 
poles being denser than that at the Equator, will con- 
tinually rush towards the Equator; but as the velocity 
of the different parts of the earth*s surface, from it's 
rotation, increases as you approach the Equator, the 
air which is rushing from the north towards the 
Equator will .not continue upon the same meridian, 
but it will be left behind; that is, in respect to the 
earth's . surface, it will have a motion fr^m the east, 
and these two. motions combined, produce a north-east 
wind on the north side . of the Equator. And in like 
manner, there must be a south-east wind on the south 
side. The air which is thus continually moving from 
the Poles to the Equator, being rarefied when it comes 
there, ascends to the top of the atmosphere, and then 
returns back to the Poles. This solution is given by 
Mr. Hadley in the Phil. Trans, vol. 39* and is capa* 
ble of the following experimental proof. On the 
center of a circular board which is attached to the 
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wbirlttig table, fix the center of an upright cylindrical 
vessel ; ditiw a line from the center of the board to 
die circumference, and let this represent a meridian^ 
tbe center of the board being the pole ; over this line 
make a small hole in the vessel, and fill it with water % 
then the water will spout in the direction of the me- 
ridian, and fall upon it. But upon turning the board 
about its center, the fluid will deviate from the meri- 
dian, and fall behind it ; thus the direction of the fluid 
will make an angle with the meridian. Considering 
then the board to represent the northern hemisphere 
of the Earth, and as turning from the west to the east, 
the fluid in respect to the meridian will move from a 
north-easterly direction ; and this 'is exactly similar td 
the case of the air beginning its motion from the north- 
em parts and moving towards the equator. The reason 
the water deviates from the meridian, is this, that the 
linear circular motion of the point from which the 
water flows is less than the linear circular motion of 
the meridian more remote fVom the center, and there- 
fore the water in respect to the meridian must be left 
behind. For this very ingenious experiment^ we are 
indebted to the Rev. Mr. Abbot, formerly Fellow and 
Tutor of St. John's College, Cambridge. 

(173.) The periodical winds, are supposed to be 
owing to the course of the sun northward and south- 
ward of the Equator. Dr. Halley explains them 
thus, *' Seeing that so great continents do interpose 
and break the continuity of the ocean, re^rd must 
be had to the nature of the soil and the position of the 
high mountains, which I suppose the two principal 
causes of the several variations of the winds, from the 
former general rule : for if a country lying near the 
sun prove to be flat, sandy, low land, such as the 
Deserts of Libya are usually reported to be, the heat 
occasioned by the reflection of the sun*s beams, and the 
retention thereof in the sand, is incredible to those that 
have not felt it; whereby the air being exceedingly 
rarefied, it is necessary that the cooler and more dense 
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air should run thitherward to restore the equilibriuiQ. 
This I take to be the cause, why near the coq»t of 
Guinea the wind always sets in upon the Jand, blowing 
westerly instead of easterly, there being sufficient reason 
to believe, that the inland parts of u^frica are pro- 
digiously hot, since the northern borders thereof were 
so intemperate, f^ to give the ancients cause to ooih 
elude, that all beyond the Tropic was made uninhabit? 
able by excess of heat From the same cause it hap* 
pens, that there are so constant calms in that part of 
the ocean, called the Rains. For this tract being placed 
in the middle, between the westerly winds blowii^ on 
the coast of Guinea, and the easterly trade winds blow- 
ing to the westwards thereof, the te;idency of the air 
here is indifferent to either, and so stands in equili^ 
brio between both ; and the weight of the inoQiiB^nt 
atmosphere being diminished by the continual contrary 
winds blowing from hence, is the reason that the air 
here holds not the copious vappur it receivea, but lets 
it fall in so frequept rain^, 

^' As the cool and dense air, by reason of it's greater 
gravity, presses upon the hot and rarefied, *tis demon- 
strative that this latter must ascend in a continual 
stream as fast as it is rarefied, and that being ascended, 
it must disperse itself to preserve the equilibriumi that 
is, by a contrary current, the upper air must move 
from those parts where the greatest heat is : So by a 
kind of circulation, the N.£. trade wind below, will 
be attended with a S.W. above, and the S.E.with 
a N.W. wind above. And that this is more than 
a bare conjecture, the almost instantaneous change of 
the wind to the opposite point, which is frequently 
found in passing the limits of the trade winds, seems to 
assure us ; but that which above all confirms this hy^ 
pothesis, is, the phenomenon of the monsoons, by this 
means most easily solved, and without it hardly expli- 
cable. Supposing therefore such a circulation as above, 
'tis to be considered, thatto the northward of the Indian 
Ocean there is every where land within the usual limits 



of the latitude of 30^, viz. Arabia, Persia^ Indiu^ &:c» 
fvhich for the flame reason as the Mediterranean parts 
of Africa^ are subject to insufl&rable heats when the 
sun is to the norths passing nearly vertical^ but yet are 
temperate enough when the sun is removed towards 
the other tropic ; because of a ridge of mountains at 
some distance within the land^ said to be frequently in 
yvinter covered with snow, over which the air, a^ it 
passes, must needs be much chilled. Hence it comes 
to pass, that the air coming, according to the general 
rule, out of the N. E. in the Indian seas, is sometimes 
hotter, sometimes colder than that which by this cir- 
culation is returned out of S.W. and by consequence^, 
sometimes the under current or wind is from N.E^ 
sometimes from the S.W. as is clear from the times 
wherein these winds setin^, viz. in April, when the^un 
b^ins to warm those countries to the north, the S,Wt 
monsoon begins, and blows during the heats till 
October^ when the suq being retired, and all things 
growing cooler northward, and the heat increasing to 
the sQuth, the N.E, winds enter and blow all the 
winter till April again. 

*^And it is undoubtedly from the same principle, that 
to the southward of the Equator, in part of the Indian 
Ocean, tlie N.W. wind succeeds the S.E. when the 
sun draws near the Tropic of Capricorn. But I must 
confess that in this latter occurs a difficnlty not yfcil to 
be accounted for, which is, why this chapge of the 
monsoons should be any more in this ocean, than in 
the same latitudes in the Ethiopic, where there is 
nothlr^ more certain than a S. E. wind all ^e year. 

^^ 'Tis. likewise very hard to conceive, why the limits 
of thg trade, wind should be fi^t about the 3Q* deg, of 
latitude all round the. globe ; and that tl^ey should so 
seldom tran^ress or fall short pf those bounds ; as also 
that in the Indian sea, only the northern part should 
be subject to the changeable monsoons, and in the 
southern there be a constant S. E/' 

(174.) We may further add, that the causes men- 
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tioned in the last article, must here also operate. 
There Qiay perhaps be some cases of these periodical 
winds, which we cannot see altogether a correct solu- 
tion of; but if all the circumstances of situation, heat, 
cold, &c. were known, there is no reason to doubt but 
that they might be accounted for from the principles 
here dehvered. 

(175.) We may further observe in respect to the 
direction in which winds blow, tbat if a current set off 
in any one direction, north-east for instance, and move 
in a great circle, it will not continue to move on that 
point of the compass, because a great circle will not 
cut all the meridians at the same angle, the meridians 
not being parallel. This circumstance must therefore 
enter into our consideration in estimating the direction 
of the wind. High mountains are also observed to 
turn the winds into a particular course. On the lake 
cf Geneva, there are only tv^o winds, that is, either up 
or down the valley. And the like is known to happen 
at other such places^ 

(176.) The constant and perioral winds blow only 
at sea ; at land, the wixid is always variable. 

(177O Besides the winds alreaidy mentioned, there 
are others called Land and Sea Breezes. The air over 
the land being hotter di^ring the day, than the air over 
the sea, a current of air will set in from the sea to the 
land by day ; but the ^ir oyer the land being colder 
than that over the sea at night, the current at that 
time will be from the land to the sea. This is very 
remarkable in islands situated between the tropics. 

(178.) Mr. Clare exemplifies this by the following 
experiment. In the middle of a vessel of water, place 
a water-plate of warm water, the water in the vessel 
representing the ocean, and the plate, the island rare- 
fymg the air over it. Then hold a lighted candle over 
the cold water, and blow it out, and the smokp will 
move towards the plate. But if the plate be cold, and 
the ambient fluid be warm, the smoke will movje in the 
contrary direction. 



' 
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(179*) Dr. Derham, from repeated observations 
upon the motion of ligtit downy feathers, found that 
the greatest velocity ofwind was not above 60 miles in 
an hour. But Mr. Brice justly ofaeerves^ that such 
experiments must be subject to great inaccuracy, as the 
feathers cannot proceed in a straight line ; he there- 
fore estimates the vekxrity by means of the shadow of 
a cloud over the earth ; by which he found, that in a 
great storm, the wind moves 63 mites in an hotfr/ 
when it blows a fresh gale, at the rate of 31 miles an 
hour; and in a small breeze, at the rate of about 10 
miles in an hour. But this method takes for granted^ 
that the cloudy move as fast as the wind. It is pro- 
bable that the velocity is something more than what is 
here stated. 

The following account of the velocity of Wind is 
given by Mr. Smeaton, in the PhiL Trans. 1760. 

Miles in an 
Hour. Feet in l\ 
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Prop. LXXXVI. 

To explain the Nature of Sound. 

(180.) Sound it a Bensation excited by the vibrations 
of the air upon the tympanum or drum of the ear. 
That the air is the inirtrument by which sound is con* 
yeyed from the sonorous body, is manifest from hefnce, 
that no sound, can be produced if the body be in 
a vacuum, or if thei^e be a vacuum between the body 
and the ear« 

(181.) By percussion, the parts of a sonorous body^ 
as a bell^ a musical string, &c. are put into a state <^ 
vibration, and as long as the vibrations are continuedy 
corresponding vibrations are communicated to the air ; 
and sound is heard^ a^ long as the vibrations are 
strong enough i6 produce thef sensation. All sonorous 
bodies are therefore elastic. The manner in which the 
vibrations are excited in the air is so clearly described 
by Mr. Cotes, tba« I cannot do better than give the 
account in his dwn words. ^^ The parts of the sono- 
rous body, being piA into a tremulous and vibrating 
motion, are by turns moved forwards and backwards. 
Now as they go forwards, they must of necessity press 
upon the parte of the air to which they are contiguous, 
and force them also to move forwards in the same 
direction with themselves; and consequently those 
contiguous parts will at that time be condensed ; 
then as the parts of the sonorous body return back 
again, the parts of the air which were just before con- 
densed^ will be |)etnyitted to return with them, and by 
returning they will again expand thiemselves. It is 
manifest therefone^ that the contiguous parts of the 
air will go forwards and backwards by turns, and be 
subject to the like vibrating motion with the part of 
the sonorous body. 

'^And as the sonorous body produces a vibrating 
motion in the contiguous parts of the air, so will 



these parts thus agitaited, in like manner produce a 
vibrating motion in the next parts, and those in the 
next, and so on continually. And as the first parts 
were condenisted in their progress, and related in their 
r^ress^ so will the other parts, as often as they go for-* 
wards, be condensed, and as often as they go back* 
wards, be relaxed. And therefore ihey will not all go 
forwards together, and all go backwards together ; for 
theii theh* respectiire distances vrould always be the 
same, and consequently they could tiot be rarefied 
and condensed by turns % but meeting each other whetl 
ihey are condensed, and going from each other Whetl 
thi^ are rarefied, they most necessarity one part of 
them go forwards whilst the other goes backwards, bf 
alternate changes from the first to the last. 

^* Now the parts which go forwards^ and by going 
forwards. are condensed, constitute those pulses which 
strike upon our organs of hearing, and other obstacles 
they, meet with ; and therefore a suecesakm of pulses will 
be propagated from the sonorous body* And becausci 
the vibrations of the sonorous body follow each 4»ther 
at equal intervals of time, the pulses which are' ex- 
cited by those several vibrations, will also succeed each 
other at the same equal intervalsw'' 

(182.) As, when a fluid is put in motion, that mo- 
tion is communicated in all directions. Sound must be 
propagated in all directions from a sonorous body as a 
centre, in concentric superficies, or shells of air, catled 
Aerial Pulses^ or Waves of Ah^ analogous, as supposed 
by some, to the circular waves prodbced on thesurfece 
of water when a stone is thrown in. If the sound be 
impeded by a body which has a hole, the waives pass 
through, and diverge from it as a new centre, and the 
sound is heard on all parts on the other side of the- 
body. 

(183.) The law by which the force of sound de- 
creases as you recede front the sonorous body, is not 
easy to be determined by theory. It has been usually' 
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estioiitedi by dividing the surrounding air into shdk 
of an equal thickness, and supposing these shelb to 
act upon each other, as so many elastic bodies would-; 
but it is probable, that this is a supposition very far 
distant from the truth. The utmost distance at 
which a sound has been heard, is about 300 miles. 
This was observed in the war between England and 
Holland, in th^ year 1673. The unassisted human 
voice has been beard from Old to New Gibraltar, 
a distance of 10 or 12 miles; the wateh-word. Alts 
well, ffiven at the latter, . in a still night, having been 
heard at the former. In both these cases, the sound 
passed over the water ; and it is found, that sound will 
always be conveyed much further along a smooth, than 
a rough suriace. 

(184.) The vdocity of sound, produced by all bodies^ 
is found by experiment to be 1142 feet in a second, 
aulgect to a small variation from the course of the 
wind. Dr. Dsrham determined this very accurately, 
fay placing cannon at different distances, and firing 
them, and observing the interval between the flash and 
the report. And thus he also found that sound (or 
rather the pulses of air which excite it) moves uni- 
formly ; it being always found, that the interval was* 
in proportion to the distance. Sir I.. Newton deter* 
mined the velocity of sound by theory ; with which, if 
the Reader wish to be acquainted^ he may consult the 
Principia, Lib. 2, JProp. 47. 

(185.) Having had an opportunity, when resident at 
Ramsgatej to dee the flash of the evening-gun at the 
Downs, and to hear the report, I made a great many 
observations on the interval between the flash and the 
report, in order to discover how much the velocity of 
sound varied in different directions of the wind. When 
there was no sensible wind, the interval was 32'' of 
time. When a very strong wind, amounting to a 
hurricane, blew directly from the Downs to Ramsgate, 
the interval was 30'^ ; and Hvhen it blew in the opposite 
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direction, it wad 34". It appears, thererore, that a very 
strong wind will increase or diminish the velocity of 
sound by a tV P*^*** ^ i^*^ mean vdocity, according as 
the direction of the wind coincides with or oppoi^es 
that of the sound. When the wind blew at right 
angles to the direction of the sounds however strong 
the wind might be, it did not appear to produce any 
sensible effect upon the velocity of sound. 

(186.) Sound is conveyed to the greatest distance by 
ft trumpet, called a Speahing or Stentorophonic trumpet, 
the form of which is like that figure which would be 
generated by any part of the logarithmic cufvd re- 
volving about it's axis, the mouth being applied to 
the smaller end. The theory, by which this is at- 
tempted to be proved, is subject to the objection 
mentioned in Art. 182. 

(I87.) The same sound is always excited, when the 
aii* id put into the same state of vibration ; that k^ if 
a bell and musical string make the air vibrate the 
same number of times in a second, they excite the same 
tone. And as the same sonorous body performs all 
it's vibrations, whether greater or less, in the same 
time^ the same body will always give the same tone, 
whether the percussive* stroke be greater or less. The 
slower the vibration, the deeper or graver is the tone. 
But we mean not here to enter into the investigation 
of the tiiones of vibration of musical strings ; a subject 
of considerable difficulty, and therefore not proper 
for an elementary treatise. If the Reader wish for 
any information lilbon the subject^ we refer him to 
Mr. Parkinson's Hydrostatics ; or Dr. Smith's Har* 
monies. 

Sounds of different tones move with the same velocity. 
For at all distances, a peal of bells are heard in the 
same order in which they are rung. Whereas, if the 
velocities of the different tones were different^ there 
would be nothing but confusion. 

(188.) The reflection of the vibrations of the air 
from any fixed object to the ear^ will cause a sound 
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distinct from that which is'£au$ed by the vibrations 
coming (directly to the ear; and this is called an Echo. 
If the distance of the object' which returns the echo 
be great, it will return several syllables. A single 
syllable will not be clearly returned, unless the distance 
of the object be at least 1 20 feet ; and so in propor- 
tion. Hence, an echo returning ten syllables must 
come from an object 1200 feet distant. More syl- 
lables however will be returned, by night than by day, 
because the air being then colder, is denser, in which 
case, the return of the vibrationrs become slower^ and 
consequently more syllables may be heard. 

Prop. LXXXVI. 

To explain the ascent of VapourSy and the origin o/* 
Springs. 

(I89.) Vapours are raised from the surface of the 
water ; the principal cause of which is^ probably, the 
heat of the sun, the evaporation being. always greatest 
when the heat is the greatest. The difficulty of solving 
the pbaenomenoh arises from hence, that we find a 
heavier fluid (water) suspended in a lighter fluid (air), 
contrary to our foregoirig principles. 

(190.) Dr. Hall£y supposed, that by the action of 
the sun upon the surface of the water, the aqueous 
particles become formed into hollow bubbles fiU^ 
with warm, and rarefied air, so a^ to make the whole 
bulk specifically lighter than the air, in which case the 
particles will (Art. 46.) ascend. But there is a great 
difficulty in conceiving how this can be eflfected. 
And if bubbles could be at first thus formed, when 
they ascend, the air within would very soon be re* 
duced to the same temperature of the air without, 
and they would immediately descend upon that effect 
taking place. Another opinion is, that the particles 
of water are separated, by a repulsive force, which is 
increased in proportion as the heat is increased, and 
thus they are dispersed through the air ; but the same 
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argument may be used against this hypothesis, as 
against the last, that is, that this efiect could not 
continue in the cold part of the atmosphere, where 
the clouds are suspended. The most probable sup- 
position is, that evaporation is a chemical solution of 
water in air. We know that metals are dissolved in 
menstruums, and their particles difiused and suspended 
in the fluid, although their specific gravity be greater 
than that of the iBuid. Heat promotes this solution ; 
in the day-time therefore^ the heat causes a more 
perfect solution than what can, cceteris paribus, take 
place in the nighty when the air is colder, when the 
heat is frequently not sufficient to keep the water in 
a state of solution, and it falls in fogs and dews. The 
vapours, thus raised by heat, ascend into the cold 
regions of the atmosphere, and not being there kept in 
a state of solution, they appear in the form of clouds ; 
and when driven together by the agitation of the air, 
the particles run together into drops^ and fall down in 
rain. If they be frozen before tbey form themselves 
into drops, they descend in snow ; but if the drops of 
rain themselves be frozen, they descend in hail. See 
Hamilton on the Ascent cf Fapours. 

(191.) Marriotte supposed *Sjpriiig* tobeowing to 
rain-water and melted snow, which penetrating the 
surfaces of hills, and running by the side of clay or 
rocks which it cannot penetrate, at last comes to some 
place where it breaks out. This would account for 
the phaenomenon, provided the supply from these 
causes was sufficient; but D. Sid£L£AU, and others, 
making an estimate of the quantity of rain and snow 
which falls in the space of a year, to see whether it 
would afford a quantity of water, equal to that which 
is annually discharged into the sea by the rivers (which 
are supplied by springs) found that it would not. 
But Dr. Halley discovered the cause of a sufficient 
supply; for he has proved by experiment, that the 
vapours which are raised, afford a much greater supply 
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than is necessary. We will give the account in bis 
own words. 

( 1 93.) *^ We took a ppn of water (malted to the degraQ 
%$! is commop lea^water, by the splutiop of about a 
fortieth part of salt) about four inches det^p, apd 7 
inches T«5. diameter, in which We placed a thermo^ 
mister, and by meanp of a pftn pf coals, we brought the 
WAtf r to the. same degree of heat which is ob^eryod t9 
b^ that of the air. in our hottest summers i the ther^ 
mometer nicely showing it. This don^, we affixed 
the pan of water, with the thermometer in it, to one 
end of the beam of the scales^ and exactly counter- 
poised it with weights in the other scali^ ; and by thi^ 
application or removal of the pan of Qoa}s, we found 
it very easy to maintain the water in the isame degree 
of heat precisely. I>oing thus, we found the weight 
of the wat^r sensibly to decrease ; and at the end of 
two hours we observed, that there wanted half an 
ounce troy, all but 7 grains, or S33 grains of water, 
which in that time had gone off in vapour ; though 
one could hardly perceive it smoak, and the water was 
not sensibly warm^ This quantity in sp short a tim^ 
seemed very considerable, being little less than 
& ounces in 84 hours, from so small a surfsice fis a 
circle of 8 inches diaoieter. Tp reduce this experiment 
to an exact calwlw, and determine the thickneis of 
the skin of water that hnd so evaporated, I assume 
the experiment alledged by Dr. ISow, Bkevaro to 
have been made in the Oxford Society, viz. that tl^ 
cube foot English of water weighs exactly 76 pounds 
troy; this divided by 1788, the number of inches in 
a foot, will give 253^^ grains, or half ounce Id-f grains 

for the weight of a cube inch of water ; wherefoi^ 

033 
the weight of 233 grains is - — -, or 35 parts of 38 of 

a cube inch of water. Now the area of the cifrde, 
whose diameter is 7-125. inches, is 49 square inches ; 
by which dividing the quairtity of water evaporated. 



viz. — of an inch, the quota j^g^ ^^ tzj shews tha|; 

the thickness of the water evaporated wa3 the 53"* part 
of an inch : but we will suppose it only the 60^*" part^ 
for the faeiiity of calculation. If tlierefore water as 
warm as the air in summer, exhales th^ thickness of 

a 6o*^ part of an inch in two hours from it's whole 

^nrfaoe^ in 13 hours it will e^hate — of an inch; 

which quantity will be found abundantly sufficient to 
serve for all the rains, springs, and dews, and account 
for the Caspian Sea being always at a stand, neither 
wasting nor overflowing ; as likewise for the current 
said to set always in, at the Straights of Gibraltar, 
though those Mediterranean Seas receive so msiny , and 
80 considerable rivers. 

(193.) " To estimate the quantity of water arising in 
vapours out pf the sea, I think I ought to consider it 
only for the time the sun is up, for that the dews i*eturn 
in the n^ht as much if not more vapours than are theii 
emitted ; and in summer the days being longer than 
twelve hours, this excess is balanced by the weaker 
action of the sun, especially when rising before the 

waf3er is warmed ; so that if I allow -^ of an inch of 

the $urface of the sea to be raised per diem in vapours^ 
it may not be an improbable conjecture. 
^ '^ Upon this supposition) every 10. square inches of 
the surface of the water yields in vapour per diem 
a cube inch of water ; and each square foot, half a wine 
pint ; every space of 4 feet square, a gallon ; a mile 
square^ 69 14 tons; a square degree^ suppose of 6^ 
English miles, will evaporate 33 millions 01 tons; and 
if the Mediterranean be estimated at 40 degrees lop^ 
and 4 broad, allowances being made for the places 
where it is broader by those where it is narrower^ (and 
I am sure I guess at the least) there will be 160 square 
degrees of sea ; and consequently the whole Mediter- 
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ranean must lose in vapour^ in a summer's day, at 
least 55280 millions of tons. And this quantity of 
vapour, though very great, is as little as can be con* 
eluded from the experiment produced : and yet there 
remains another cause, which cannot be reduced to 
the rule, I mean the winds, whereby the surface of 
the water is licked up, somewhat faster than it exhales 
by the heat of the sun, as it is well known to those 
that have considered those drying winds which blovr 
sometimes. 

'* The Mediterranean receives these considerable 
rivers ; the Iberus, the Rhone, the Tiber j the Po, the 
Danube J the Niester, the Borysthefhes^ the Tanais, and 
the iVi/e, all the rest being of no great note, and 
their quantity of water inconsiderable. We will sup- 
pose each of these nine rivers to bring down ten times 
as much water as the river Thames, not that any of 
them is so great in reality, but to comprehend with 
them all the small rivulets that fall into the sea, which 
otbenT^'ise I know not how to allpw for. 

" To calculate the water of the Thames, I assume 
that at Kingston Bridge, where the flood never reaches, 
and the w^ter always runs down, the breadth of the 
channel is 100 yards, and it's depth 3, it being reduced 
to an equality, (in both which suppositions I am sure 
I take with the most.) Hence the profile of the water 
in this place is 300 square yards : this multiplied 
by 48 miles, (which I allow the water to run in 
24 hours, at 2 miles in an hour) or 84480 yards, gives 
25344000 cubic yards of water to be evacuated every 
day, that is 20300000 tons per diem; and I doubt 
not but in the excess of any measure of the channel of 
the river^ I have made more than sufficient allowance 
for the waters of the Brent, the Wandel, the Lea, and 
Danvenf, which are all worth notice^ that fell into the 
Thames below Kingston. 

*^ Now if each of the aforesaid nine rivers yield ten 
times as much water as the Thames doth, 'twill follow 
that each of them yields but 203 millions of tons per 
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diem^ and the whole nine but 1837 millions of tons 
in a day ; which is but little more than -^ of what is 
proved to be raised in vapours out of the Mediter- 
ranean in twelve hours time/' 

(194.) Besides the constant Springs, there are others 
which ehh and flow alternately, which may thus be 
accounted for. The water, before it breaks out, may 
meet with a lai^e cavity on the side of the hill^ and 
the water, upon the overflowing of this reservoir, may 
find an aperture, and make it's escape; in case of dry 
weather, therefore, the supply of water may not be 
sufficient to keep it full, in which case, the spring will 
cease to flow, and continue dry, till a supply causes it 
to overflow, and produce again the spring. 

For the other important articles in this branch of 
philosophy- — ^Tbe motion of bodies in resisting me- 
diums ; the resistances of all kinds of bodies moving 
in mediums ; the investigation of the solid of least 
resistance ; the general law of the variation of density 
of the atmosphere, upon any law of gravity ; and the 
times in which vessels empty themselves ; — ^the Reader 
is referred to the Principles of Flu^ns. 



THE END. 
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CHAPTER I. 



DEFINITIONS. 



-A rt 1 . Astronomy is that branch of Natural 
Philosophy which treats of the heavenly bodies. The 
determination of their magnitudes, distances, and the 
orbits which they describe, is called plane or pure 
Astrpnomy; and the investigation of the causes of 
their motions is called physical Astronomy, The 
former discoveries are made froni observations on 
their apparent magnitudes and motions ; and the 
latter from analogy, by applying those principles and 
laws of motion by which bodies on and near the 
earth are governed, to the other bodies in the system. 
The principles of plane Astronomy only are what we 
here propo.se to treat of, and we shall begin with the 
explanation of such terms as are the foundation of the 
science. 

(2.) A. great circle QRST of a sphere is one 
whose plane passes through it's center C; and a 
small circle BDHK is that whose plane does not 
pass through it^s center. 



2 DEFIKITtONS. 

(3.) A diameter PCE of a sphere, perpendicular 
to any great circle QRST, is called the axis of that 
gr^at circle ; and the extremities P, E, of the axis^ 
are called it's Poles. 

(4.) Hence, the pole df a great circle is 90^ from 
every point of it upon the sphere ; because every 
angle JPCi? being a right angle, the arc PiJ is every 
where 90^* And as the axis PE is perpendicular to 
the circle QRST when it is perpendicular to any 
two radii CQ, C/i, a point on the surface of the 
sphere 90^ distant from two points of a great circle 
wherever* taken, will be the pole. 




(5.) All angular distances on the surface of a 
sphere, to an ejie at the center, are measured by the 
arcs of great circles. 

(6*) Hence, all the triangles formed on the surface 
of a sphere, for the solution of spherical problems, 
'must be formed by the arcs of great circles. 

(7.) Any two great circles bisect each other ; for- 
both passing through the center of the sphere, their 
common section must be a diameter of each, . ^nd 
every diameter bisects a circle. 

(8.) Secondaries tx> a great circle, are great circles 
which pass through it*s poles; thus, PRE i& a^ 
8econd4ry to QRST. 

(9.) Hence, secondaries must be perpendicular to 
theiir great circles ; far if one line be perpendicular 
to a plane, any plane passing through that line will 
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afeo be perpendicular to it; therefore as the axis 
P^E of the great circle QRST is perpendicular to 
it, and is the common diameter of all the secondaries, 
they must all be perpendicular to the great circle. 
Hence also, every secondary, bisecting it's great circle 
(*7)j niust bisect every small circle jB2>// if parallel 
to it ; for the plane of the secondary passes notonly 
through the center C of the great circle, but also the 
center A of the small circle parallel to it. 

(10.) Hence, a great circle passing through the 
poles of two great circles, must be perpendicular to 
each ; and vice vers&, a great circle perpendicular to 
two oth^r great circles must pass through their poles. 

(11.) If ah eye be in the plane of a circle, that 
circle appears a i^traight Ime ; hence, in the repre- 
sentation 6f the Surface of a sphefe upon a plane, 
those circles whose planes pass through the eye, are 
represented by straight lines. 

(12.) The angle formed by the circumferences of 
two great circles on the surface of a sphere, is equal 
to the angle formed by the planes of those circles ; 
and is measured by the arc of a great circle inter- 
cepted between them, and which is a secondary to 
each. 

For let C be the center of the 'sphere, PCtE, 
PRE two great circles; then as the circumferences 
of these circles at P are perpendicular to the common 
intersection P CE, the angle at P beiwieen them is 
equal to the angle between the planes, by Euc. 
B. XI. Def 6. Now draw CQ, CR perpendicular^ 
to P CE, then as these lines are respectively parallel 
to the directions of the circumferences P Q, PR, at 
the point P, the angle QCR is equal to the angle 
at P formed by the two circles, Euc. B. Al. 
Prop. 10. ; and the angle QCR is measured by the 
ard Q/2 of a great circle whose pole is P, because 
PQ, PR are each go"". 

'*'^— — I '< < I ■ ■■ I ■■■■II 11 , )■■ ^ | l I » I ■! I I.I 

* The figures in the- parentheses refer .to the Artiicl^s. . 
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(13.) If at the intersection P of two great cirdes- 
as a pole, a great circle QRST be described, and 
also a small circle BDHK parallel to it, the arcs 
Q /?, B D of the great and small circles intercepted 
between the two great circles, contain, the same 
number of degrees. 

For C and A are the centers of the respective 
circles, and QC is parallel to BA, and RC is parallel 
to DA; therefore by Euc. B. XL- Prop. 10. the 
angle BAD is equal to the angle QCiJ, consequently 
the arcs B D, QR contain the same number of 
degrees. 

Hence, the arc BD of such a small circle measures 
the angle at the pole between the two great circles. 
Also, Q R : BD :: QC: BA :: radius : cos, BQ. 

(14.) The axis. of the earth pep'q is that diameter 
pOp' about which it performs it's diurnal rotation ; 
and the extremities p, p\ of this diameter, are called 
it's Poles. 

(16.) TTie terrestrial Equator is a great circle 
erqs of the earth perpendicular to it's axis. Hence, 
the axis and poles of the earth are the axis and poles 
of it's equator. That half of the earth (suppose epq) 
which lies on the side of the equator which we inhabit 
is called the northern hemisphere^ and the other ep'q 
the southern; and the poles are respectively called 
the north and south poles. 

(l6.) The Latitude of a place on the earth's surface, 

is it's angular distance from the equator, measured 

upon a secondary to il; thus, the arc eh measures 

*the latitude of h. The secondaries to the equator are 

called Meridians. 

(170 The Longitude of a place on the earth's 
surface, is an arc of the equator intercepted between 
the meridian passing through the place, and another, 
called the Jirst meridian, passing through that place 
from which you begin to measure ; thus, the longitude 
of the place v on the meridian prpf measured from 
the fir^t meridianjK^ey, is er. 
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(18.) If the plane of the terrestrial equator erqs 
be produced to the sphere of the fixed stars, it marks 




out a circle ERQS called the celestial equator ; and 
if the axis of the earth pOp' be produced in like 
iDanner, the points P, P', in the Heavens to which 
it is produced, are called Poles, being the poles of the 
celestial equator. The star nearest to each pole is 
called the Pole star. 

(19.) Secondaries, as PjcP'j to the celestial equa- 
tor are called Circles of Declination -, of these, 24 
which divide the equator into equal parts^ each con- 
taining 16°, are called hour circles. 

(20.) Small circles, as dfgh^ parallel. to the ce- 
lestial equator, are called Parallels of JDeclination. 

(21.) The sensible horizon is that circle abc in the 
heavens whose plane touches the earth at j;he spectator 
5. The rational horizon is a great circle HOB m 
the heavens, passing through the earth's center, 
parallel to the sensible horizon. 

(22.) Almacanter is a small circle parallel to the 
horizon. 

(23.) If the radius Ob of the earth at the place b 
where the spectator stands, be produced both ways 
to the heavens, that point Z verticaPto him is called 
the Zenith, and the opposite point N the Nadir. 
Hence, the zenith and nadir are the poles of tho 
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rational horizon (3) ; for the radius prodaced being 
perpendicular to the sensible, must also be perpen- 
dicular to the rational horizon. 

(24.) Secondaries to the horizon are called vertical 
circles ; and being (9) perpendicular to the horizon, 
the altitude of an heavenly body is measured upon 
them. 

(25.) A secondary PEHP' common to the ce- 
lestial equator and the horizon of any place h, and 
which therefore (10) passes through the poles P, Z, 
of each, is the celestial Meridian of that place. 
Hence, the plane of the celestial meridian of any 
place, conicides with the plane of the terrestrial 
meridian of the same place. 

(26.) The meridian ZP RH cuts the horizon in 
the point R, called the north point, and in the point 
H, called the south point ; P being the north pole. 

(27.) The meridian of any place divides the 
heavens into two hemispheres lying to the east and 
west; that lying to the east is called the eastern 
hemisphere, and the other, lying to the west, is called 
the western hemisphere. 

(28.) The vertical circle which cu(s the meridian 
of any place at right angles, is called the prime 
vertical ; and the points where it cuts the horizon 
are called the east and west points. Hence, the 
east and west points are 90^ distant from the north 
and south points. These ^ur are called the cardinal 
points. 

. (29.) If a body be referred to the horizon by a 
secondary to it, the distance of that point of the 
horizon from the north or south points, is called it's 
Azimuth. The Amplitude is the distance froni the 
east or west point. 

(30.) The Ecliptic \s that great circle ip the 
heavens which the sun appears to describe in the 
course of a year. 

(31.) The ecliptic and equator being great circles 
must (7) bisect each other, and their inclination is 
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called the Qhliqmty of the eliptic ; aliso^ the "pbiXiXA 
where they intersect ure called the equmoctial points. 
The times when the 6un comes to these points are 
called the Eqmmxes. 

{Si.) The ecliptic is divided into 12 equal parts, 
called Sigm: Aries t 9 Taurus b > Gemini a , 
Cancer s^ Leo £t, Virgo tr^. Libra ^y Scorpio nt^ 
Sagittarius | , Capricornus Vf , Aquarius ^ ^ Pisces . 
)€ . . The order of tbe^ is according to the mottou 
of the sun. The first point of Aries coincides with 
one of the equinoctial points^ and the first point of 
Libra with the oth^r. The first six signs are called 
nsHkem^ \ym% on the iiorfA aide of the equator; 
and the laat six are « called southern, lying on the 
^ociM side. The signs W> ^^ K, t> b^ n, are 
called ascendingj the sun approaching our (or the 
nordi) pole whilst it passes through them; and 
®9 St, 11X9 ^9^9 1 9 are called descending, the 
sun receding from our pole as it moves through them. 

(33.) When the motion of the heavenly bodies is 
according to tiie order of the signs, it is called direct, 
or in consequentia ; and when the motion is in the 
contrary direction, it is called retrograde, or in ante^ 
cedentia. The reed motion of all the planets . ia 
according to the order of the signs^ but their apparent 
motion is sometimes in an opposite direction, 

(34.) The Zodiac is a space extending on each 
side of the ecliptic^ within which the motions of all 
planets are performed. 

(35.) The rigfit ascension of a body is an arc of 
the equator intercepted between the first point of 
Aries and a decUnation circle passing through the 
body, measured according to the order of the signs. 

(36.) The oblique ascension is an arc of the equator 
intei'cepted ' between the first point of Aries and ihat 
point of the equator which rises with any body, 
measured according to the order of the signs. 

(37.) The ascensional difference is the difierence. 
between the right and oUique ascension. » 
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(38.) The Declination of a body is it*8 angular 
distance from tlie equator, measured upon a secondary 
to the equator drawn through Ae body. 

(39.) The Longitude of a star is an arc of the 
ecliptic intercepted between the first point of 'Aries 
and a secondary to the ecliptic passing through the 
star, measured according to the order of the signs.' 
4f the body be in our system, and seen from the ^n, 
it is called the heliocentric longitude ; but if seen 
from the earthy it is called the geocentric longitude ; 
the body in each case being referred perpendicularly 
to the ecliptic in a plane passing through the eye. 

(40.) The Latitude of a star is it*s angular distance 
from the ecliptic, measured upon a secondary to the 
ecliptic drawn through the star. If the body be in 
our system, it's an^lar distance from the ecliptic 
seen, from the earth is called the geocentric latitude ; 
but if seen from the sun, it is called the heliocentric 
latitude. 

(41.) Thus, if cy»Q be the equator, y^ the 
ecliptic, ^ the first point of Aries, s a star, and the 




great circles sr, sphe drawn perpendicularly to v C 
and tQ; then tJ» is it's right ascension, sp it's 
declination, sr it's latitude, and ^r its longitude. 
The circle ^s r is called a Circle of Latitude. 

Hence, if we know the right ascemibn ^Py and 
declination ps of 9, body ^, we know it's place ; for, 
take Y/> = to the given right ascension, draw the 
meridian pSy and take ps ^to the given declination, 
and s is the place of the body. In like manner, if 
we know the Ipngitude <r ^ of a body s, and latitude 
r Sy we know the place of the body. 

(42.) The Tropics are two parallels of declination 
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touching the ecliptic. One, touching it at the be- ' 
ginninjg of Cancer, is called the Tropic of Cancer ; and 
the other, touching it at the beginning of Capricorn, 
is called the Vropic of Capricorn. The two points # 
where the tropics touch, the ecliptic, are called the 
Solstitial points. 

(43.) The Colures are two secondaries to the ce- 
lestial equator ; one, passing through the equinoctial 
points, is called the equinoctial colare ; and the other, 
passing through the solstitial points, is called the 
solstitial colure. The times when the sun comes to 
the solstitial points are called the Solstices, 

(44.) The Arctic and Antarctic circles are two 
parallels of declination, the former about the north 
and the latter about the sDuth pole, the distances of 
which from the two poles are equal to the distances 
of the tropics from the equator. These are also 
calhd polar circles. 

(45.) The two tropics, and two polar circles, when 
referred to the earth, divide it into five parts, called 
Zones ; the two parts within the polar circles are 
called the fingid zones ; the two parts between the 
polar circles and the tropics are called the temperate 
zones ; and the part between the tropics, is called the ^ 
torrid zone. Small circles in the heavens are referred 
to the earth, and the contrary, by lines drawn to the i 
earth's center. ^ 

(46.) A body is in ConjunctionvtiXh the sun, when • 
it has the same longitude ; in Opposition, wh^n the 
difference of their longitudes is 1 80^ ; and in Quad- 
rature, when the difference of their longitudes is 
90°. The conjunction is marked thus c5 , the oppo- 
sition thus 89 and quadrature thus a . 

(47.) Syzygy is either conjunction or opposition. 

(48.) The Elongation of a body from the sun, is 
it*s angular distance from the sun when seen from 
the earth. 

(49.) The diurnal parallax, is the difference be- 
tween the apparent places of a body in our systen^ ^ 
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Ivhen referred "to the fixed 8tars» if seen from the 
crater and surface of the earth. The ammal parallax 
is the difference between the apparent placet of a 
body in the heavens^ wheo seen from the opposite 
points of the earth's orbit. 

(50.) The Argument is a term used to denote any 
quantity by which another required quantity may 
be found. For example, the argument of a planet*s 
latitude is it's distance from it's node, because upon 
that the latitude depends. 

(51.) The Nodes are the points where the orbits 
of the primary planets cut the ecliptic, and where the 
orbits of the secondaries cut the orbits cS their pri^ 
mariea. That node is called ascending where the 
planet passes from the south to the north side of the 
ecliptic ; and the other is called the descending node. 
The ascending node is marked thus ^ , and the de- 
scending node thus ^ . The line whidi joins the 
nodes i$ called the line qf^the nodes. 

(53.) If a perpendicular be dravm from a planet 
to the ecliptic, the angle at the sun between two 
lines, one drawn from it to that point where the per- 
pendicular fails, and the o^er to the earth, is called 
the angle of Commutation. 

(53,) The angle of Position is the angle at an 
heaTenly body formed by two greaA circles. One 
passing through the pole of the equator, and the 
other itisrotigh the pole of the ecliptic. 

(54.) Apparent noon is the time when the sun 
cornea to the meridiati. 

(&5.) True or mean nooH is 12 o'clock, by a clock 
adjusted to go 24 hours in a mean solar day. 

(56.) The Equation of time at noon, is the interval 
between true and apparet^t noon. 

(57.) A star is said to rise or set CosmicaUyj when 
it rises or sets at sun^rising ; and when it rises or set? 
at sun-setting, it is said to rise or 9et A ckronicaity. 

(58.) A star rises HeUacath/y when, after having 
been so near to the sun as next to be visible^ it emerget 



out of the snn*s ray s^ s^nd just appeals W the morning; 
and it sets HeUacaUyf when the 9un approaches, ao 
near to it, that it is about to imoierge into the su&'a 
rays a€\d to becom^ ii^visible in the evening. 

(59.) The curtate distance of a[ planet frpm the 
sun qr earth, is the distance of the sun or earth from 
that point of the ecliptic wl;»ere ^ perpendicular to it 
passe;; through the planet. 

(6o.) AphelUm-vi that poii^it in ik^ orbit of a planet 
which is furthest from the sun. 

(61.) Penhelion is that point in the prbit of a 
planet which is nearest the sun« 

(62.) Apogee is that point of the earth's orbit 
which is furthest from th^ ^n, or that point of the 
moon's orbit which is furthest from the earth. 

(63.) Perigee is that poiot of the eai^'s orbit 
which is nearest the sun, or that point of the mpon's 
t orbit which is nearest the earth. 

The terms aphelion and pierih?lion are also applied 
to the ^rth's orbit. 

(64.) ^ipm of an orbit, \^ either it a aphelion or 
perihelion, apogee or perigee; and the line which 
joins the apsides is called the line of the apsides;. 

{66.) .Siqmahf (true) of a. planet, is it's angular 
distance at any time from it'9 aphelion, or apogee — 
(mean) is the aqgolar dist|Btnce from t(ie aame point 
at the same time, if it had moved unil(u*mly with it's 
mean angular velocity. 

(66.) Equqdion of the center is the difference 
between the true and memt anomaly ; this is some- 
times called the pro^thapheresis. 

(67.) Nonagesimal degitee of the ecliptic, is that 
point which is highest above the horizon^ 

(68.) The m^an place of ^ body, is the place wliere 
a body (not moving with an uniformly angular velo- 
city about the central body) would have been, if it 
had moved with it*s mean angular velocity. The 
true place of a body, is the place where the body 
actually is at any time. . 
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(69) EquationJst are correction^ which are applied 
to the mean place of a body^ in order to get it*s true 
place. 

(70.) A Digit is a twelfth part of the diameter of 
the sun or moon. 

(71.) Those bodies which revolve about the sun in 
orbits nearly circular^ are called Planets, or pri- 
mary planets for the sake of distinction ; and those 
bodies which revolve about the prifnary planets are 
called secondary planet^^ or Satellites. 
• (72.) Those bodies which revolve about the sun 
in very elliptic orbits are called Comets. The sun, 
planets^ and comets, comprehend nil the bodies in 
what is called the Solar System. 

(73.) All the other heavenly bodies are called 
Flawed Stars, of simply Stars. 

(74.) Constellation is a collection of stars contained 
within some assumed figure, as a ram^ a dragon^ an 
hercules, ^c. the whole heaven is thus divided into 
constellations. A divisipn of this kind is necessary,* 
in order to direct a person to any part of the heavens 
which we want to point out. 



Characters used for the Sun, Moon and Planets. 



G ^ The Sun. 

D The Moon. 

? Mercury. 

S Venus, 

e The Earth. 

3^ Mars. 

? Ceres. 



$ Pallas. 
/ Juno. 
Vesta. 
14. Jupiter. 
Tp Saturn. 
^ Georgian, 



Characters used for the Days of the Wiseh. 



© Sunday. 

D Monday. 

^ Tuesday. 

? Wednesday. 



"H Thursday. 
? Friday. 
T? Saturday. 



I..' 



Chap. II. 



ON THE DOCTRINE OF THE SPHERE. 

(75.) A SPECTATOR Upon the earth\s surface 
conceives himself to be placed in the center of a 
concave sphere in which all the heavenly bodies are 
situated; and by constantly observing them^ he 
perceives that by far the greater number never change 
their relative situations, each rising and setting at the 
same interval of time^ and at the same points of the 
horizon, and are therefore called^^erf stars ; but that 
a few others^ called planets, together with the sun 
and moon, are constantly changing their situations^ 
each continually rising and setting at different points 
of the horizon, and at different intervals of time. 
Now the determination of the times of the rising and 
setting of all the heavenly bodies; the finding of 
their position at any given time in respect to the 
horizon or meridian, or the time from their position ; 
the causes of the different lengths of days and nights, 
and the changes of seasons; the principles of dialling, 

.and the like, constitute the doctrine of the sphere. 
And as the apparent diurnal motion of all the bodies 
has no reference to any particular system, or dispo* . 
sition of the planets, but may be solved, either by 
supposing them actually to perform those motions 
every day, or by supposing the earth to revolve about 
an axis, we will suppose this latter to be the case, 
the truth of which will afterwards appear. 

(76.) Let p ej/q repfesent the earth, O it*s center, 
b the place of a spectator, HZ R N the sphere of the 

^ fixed stars ; and although the fixed stars do not lie 
in the concave surface of a sphere of which the center 
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of the earth is the center, yet, on account of the 
immense distance even of the nearest of them, their 




relative situations from the motion of the earth, and 
consequently the place of a body in our system 
referred to them, will not be affected by this suppo- 
sition. The plane abc touching the earth in the 
place of the spectator, is called (21) the sensible 
horizon, as it divides the visible from the invisible 
part of the heavens ; and a plane HOR parallel to 
abCf passing through the centre of the earth, is called 
the rational horizon ; but in respect to the sphere 
of the fixed stars, these may be considered as coin« 
ciding, the angle which the arc Ha subtends at the 
earth becoming then insensible, from the imm^ise 
distance of the fixed stars. Now if we suppose the 
"earth to revolve daily about an axis, all the heavenly 
bodies must successively rise and set in that time, 
and appear to describe circles whose planes . are per- 
pendicular to the earth's axis, and therefore parallel 
to each other, because each body continues at the 
same distance from the equator, during the revolution 
of the earth aboiit it's axis. Thus, all the stars will 
appear to revolve daily about the earth's axis, as if 
they were placed in th« concave surface of-' a sphere 
having the earth in the center. Let therefore pp^ 
be that diameter of the earth about which it must 
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m<Ave in onier to give the apparent diurnal motion 
to the heavenly bodies^ then p^ p", are called it*8 
poles 5 and if pp' be produced both ways to P, P', 
in the heavens^ these points are called (18) the poles 
of the heavens^ and the star nearest to each of these 
is called the pole star. Now, although the earth, 
from ifs motion in it's orbit, continually changes 
it's place, yet as the axis always continues parallel to 
itself, the points P, P, will not, from the immense 
distance of the fixed stars, be sensibly altered; we 
may therefore suppose these to be fixed points *K 
Produce O b both ways to Z and N, and Z is the 
zenith, and N the nadir (23). Draw the great circle 
PZHNRy and it will be the celestial meridian (26), 
the plane pf which coincides with the terrestrial 
meridian php' passing through the place b of the 
spectator. Let erqs represent a great circle of the 
isarth perpendicular to it's axis pj/j and it will be the 
equator (15); and if the plane of this circle be ex- 
tended to the heavens, it marks out a great circle 
ERQS called the celestial equator (18). Hence, 
for the same reason that we may consider the points 
jP, P', as fixed, we may consider the circle EkQS 
as fixed. Now as the latitude of any place b on the 
earth's surface is measured by the degrees of the arc 
6e (l6), it may be measured by the degrees of the 
arc Z E ; hence, as the equator, zenith, and poles in 
the heaven, correspond to the equator, place of the 
spectator, and poles of the earth, we may leave out 
the consideration of the earth in our further enquiries 
upon this subject, and only consider the equator, 
zenith, and poled in the heavens, and HR the. 
rational horizon to the spectator. 

{77 •) Let the annexed figure represent the position 



* This is not accurately true> the earth's axis varying a little 
from its parallelism from the action of the moon. This is called 
the NutatUm of th^ earth's axis, and was discorered by Dr. 
Bradley. 



1 



l6 DOCTRINE OF THE SPHERE. 

of the heavens iJb Z the zenith of a spectator in north 
latitude, EQ the equator, P, P, it's poles, HOR 




the rational horizon, PZHP^R the meridian of the 
spectator, and draw the great circle ZON perpen- 
dicular to ZP RH, and it is the prime vertical (28); 
i{ will be the north point of the horizon, and H the 
south (26), and O will be the east or west point, 
(28) according as this figure represents the eastern or 
western hemisphere. Draw also a great circle POP^ 
perpendicular to the meridian. We must therefore 
conceive this figure to represent half a globe, and all 
the lines upon it to represent circles ; and if we 
conceive the eye to be vertical to the middle point O 
of the figure, all the circles which pass through that 
point will appear right lines ; therefore the right lines 
ZON, pop: EOa, HOR, must be considered as 
semicircles. Now as each circle HR, EQ^ ZN, PP' 
is perpendicular to the meridian, it's pole must be in 
each (8, 9), therefore their common intersection O 
is the pole of the meridian* Draw also the small 
circles loJBT, mt, ae, Uv, yx^ parallel to the equator; 
and as the great circle POP' bisects EQ, in O, it 
must also bisect the small circles m t, a e, in r and c ; 
for as £0^90^, tr and ec are each =90*^ (13); and 
as Q O = 90°, m r and a c are each = 90^ ; hence^ 
ac=ce, and wr=r/. 
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(78.) As all the heavenly bodies/ in their diarnal 
motion, describe either the equator, or small circles 
parallel to the" equator, according as the body is in or 
out of the equator ; if we conceive this figure to repre- 
sent the eastern hemisphere, QEy oe, mty may repre- 
sent their apparent paths from the meridian under the 
horizon to the meridian above, and the points 6, O, s, 
are the points of the horizon where they rise. And as 
ae, QEy mt, are bisected in e, Oy r, eh must be greater 
than hay QO equal to O Ey and t s less than s m. 
Hence, a body on the same side of the equator with 
the spectator, will be longfer above the horizon than 
below, because eh is greater tlian ha; di body in the 
equator will be as long above as below, because Q0 = 
OE; and a body on the contrary side will be longer 
below than above, because ms'is greater than s t. And 
the further ae, or m ty are frojn the equator, the greater 
will be the diflference of ahy bCy and mSy sty or of the 
times of continuing above and below the horizon; and 
the further they will rise from O. The bodies de- 
scribing ae, mty rise at h and s\ and as O is the east 
point of the horizon, and R and JET are the north and 
soutl^ points, a body, on the sam£ side of the equator 
with the spectator, rises between the east and the 
north, and a body on the contrary side rises between 
the east and the souths the spectator being supposed 
to be in the north latitude ; and a body in th^ equator 
rises in the east at O. When the bodies come to d or 
Tiy they are in the prime vertical, or in the east; hence, 
a body on the same side of the equator with the 
spectator comes to the east after it is risen, and a body 
on the contrary side, hefore it rises. The body which 
describes the circle Rvy or any circle nea^ner to JF^, 
never sets ; and such circles are called circles of per- 
petual apparition ; and the stars which describe them 
are cMed . drcumpolar stars. The body which de- 
scribes the circle tt;jfir, just becomes visible at Hy and 
then it instantJy descends below the horizon ; but the 
bodies which describe the circles nearer to P" are never 

B 
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Viiibte. ^Stich is tbe eppareat diunial xnotibn of the 
ht9tven\y bodies, when the speotator is situated any 
-where between the -equator and poles; and this 2a 
cbAM an oblique sphdre, becwse all the bodies rise 
and aet obliquely to the horizon. As this figure may 
4i|sD represent the we^er« hftnuspber^ Aba same cisclea 
eay tm will repne^eot the amotions of the heavenly 
bodies as they descend from the laoHeridiao above the 
horizoH'to the meridian u^doc. Henoe, a body is at 
' the greatest altitude above the horiaon* when on the 
meridian^ and at equal ahitudes when ^uidistant on 
each side^ from it, if the body have ^not chmgsd it's 
declination « 

(79.) If the apectator be at the squat9r^ thw JE 
cotncides with Z, an^ con^quently JSQ with ZN^ and 




therefore PiP with MR. 'Hetioe^ as the equator EQ 
is perpendicular to the iiorizon, Ifee circles ace, mrt, 
parallel to EQ mu9t ako be perpendicular >to it ; and 
as these circles are always bisected hy PP^^ they must 
now be bisected by HR. Henoe, all the heavenly 
bodies are as long above the horizon «s below, and rise 
and set at right angles to it, on which aocomyt this is 
called a right sphere. 

(80.) If the firpedtator be atthe/Mx(e, then P coin- 
cides with Z, and consequently P iP with -Z N, and 
therefore JS^ with HR. 'Hence, the eiroles mt, u^^ 
parallel tolhe equator, are also parallel to the horizon ; 
therefore «s a body ki it's dimnal ^motion describes a 
cirde parallel to me -horizon, -Ihose 'fixed bodies in the 
heavens, which ate above the horizon, must always 



«>«*•• 



9^ ?Hg fJt^J^. 

continue jiboye, /ip^ .tVq?e which ^ Moy9 pfiwyk 
always ^c^n^ipHe l^elpyir, ff,enc^^ ppnp of ,t^e bq(j(i^^ 




\fy their cfu^rna/ motioq^ can either rise or set. This 
is .called jipftrallel sphere, j^ause the diurnal motip^ 
.pf all the bodies is parallel to the hqrizon. ^^^^ 
apparent diurnal motions of the fixed stars remain 
constant, that is, each always describes the same 
parallel of declinat^ion. 

(81.) The ecfiptic, or /that great circle in the 
heavens which the sun appears to describe in the 
course of a year, does r^ot coincide with the equator, 
for during that t^me it is found to be only twice in 
the equator; let therefore COJj represent half the 
ecliptic, or half the sun's apparent annual motion ; 
C the ^rst .point of Capricorn, and L the first point 
of Cancer; and this being a great circle, niust cut the 
equator into two equal parts (7). Hence, as the 
apparent motion of the sun is nearly unifiM^m, -the sun 
is neariy as Jong on .one side of ;the eqyatQr as on tiie 
otl^er. (See 'Pig. in p. l6.) When theriafore the, sua 
is at q, on the same .side of the equator with the 
spectator, .46^nbing the ps^rallel of aeclinatipu (le by 
it;'s apparen^t diurnal motion, the days are longer ihaii 
the nights, and it rises at b to the north of the east 
point ; but when it is on the contrary side, at p, de- 
scribing m^, the days.are Bl^orter than the nights, and 
it rises at s to the south of the east point, the spectator 
being on the north side of the equator ; but When the 
3un 19 m the.eqiiatpr, at O, dqsqribiqg Q^, the days 
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arid nights are equal,* and it rises in. the east, at O *. 
If acytnt be equidistant from -BQ, then will be=mSy 
and ab=:st; hence, when the sun is in these opposite 
parallels, the length of the day in one is equal to the 
length of the night in the other ; therefore the mean 
length of a day at every place is 12 hours. Hence, 
at every place, the sun, in the course of a year^ is half 
a year above, and half a year below the horizon t. It 
is manifest, also, that the days increase from the time 
the sun leaves C the beginning of Capricorn, till he 
comes to L the beginning of Cancer ; and that they 
decrease from the time the sun leaves the beginning 
of Cancer till he comes to the beginning of Capricorn, 
When the spectator is at the Equator^ the sun at/? or 
q describing the circles mt,ae^ by it's apparent diurnal 




motion, and these being bisected by the horizon, the 
sun will be always as long above as below the horizon, 



* The difierent degrees of heat in summer and winter,, do dot 
altogether arise from the different times which the sun is above the 
horizon, bnt partly from the different altitudes of the sun above 
the horizon ; the higher the sun is above the horizon, the greater 
is the number of rays which fell on any given space, and the 
greater also is the force of the rays* From all these circumstanoes 
arise the different degrees of heat in summer and winter. The 
increase of heat also as you approach the equator, arises from the 
4 wo latter circumstances. 

f This is not accurately true, because the sun's motion in the 
ecliptic is not quite uniform, on which account it is not exactly as 
long on one side of the equator as on the other. If the major axis 
of the earth's orbit coincided with the line joining the equinoctial 
points, the times would be equal. This happened at the Creation. 
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and consequently the days and nights will be always 
1 2 hours long. There will however be some variety 
of seasons, as the sun will recede 23° . 28' on each side 
from the spectator. In this situation of the spectator, 
the sun will be vertical to him at noon when it is in 
the equator. And when the spectator is any where 
between the tropics, the sun will be vertical to him at 
noon, when it*s declination is equal to the latitude of 
the place, and of the same kind, that is, when they 
are both north, or both south. When the spectator is 
at the Pole, the sun at p or 9 is carried, by it's apparent 
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diurnal motioxi, in the cirdes mpt, aqe^ parallel to 
the horizon, ; hence, it never sets when it is in that 
part OL of. the ecliptic which is above the horizon, 
nor rises when in that part OC which is below ^ con^ 
sequently there is half a year day, and half a year 




night. As the sun illuminates one half of the earth, 
or 90° all round about that place to which he is ver- 



ficar*' #hfe'h h6 i^ in fhtf ec^iirA^, He #ill Iffutrilriife 
fb fer jis* ^ch pote; ifrhen h^' iS oti the north sid^ of 
the eqdator, the n6rth pbld Will bfe' ^rtMiii the' Hluihi- 
fluted pbft, and th^ sbuth pbU will 6e in the dark 
P^Lvt ; ^nd when the ^un is oh ilie i6ufk ^tde of thf^ 
iqtMt6r, the iotlth pole v^ill be within the ffltfiiiinafed 
t)iirt, and tfee north pote iri (he dark pif t. Atid ^Heri 
the iiih ?* at the frWpic, he illutiiinate^ 23^ . 28' be^brid 
dri* p6fe; and thfe otfefir p6T6 is 2^^ • 28' wHhid the 
dkflE ^art. riirit^, iiie iifiety of sidsorirf af iifed hditi 
fhe axis rfthfe eirtH, which coinfcide^ #i{h P>, hot 
being perpendicular to the plane of the ecliptic LOC, 
for if it were, the ecliptic and equator would coincide, 
and the sun would then hk alwajflf in the equator, and 
consequently it would never change it*s position in 
respect to the surface of the earth. If CtRj=EH^ 
23^ . 28', the sun's greatest declination, then on the 
longest day the sun describes the parallel jRt;, which 
just touching the horizon at A, shows that the sun 
does not descend on that day below the horizon, and 
fHertifore th^t flay \i 24 hours Ibn^. Biii ^h^ri ^k 
Ixxxi conies \o itS gredtiest detliriition bh th^ dther siAt 
kHEQ; ii descKb^s wH, jii^d cdfis&tiii^htly ddes mi 
ascfehd ftbbte th^ horizo^ for U h6nri, ktid tB^r^for^ 
!hdt riight is 24 hotirs I6hg. This thefefdre hdpp^rii 
when EHy the complement of EZ the latitude (l6), 
is 23^ . 28', or in latitude 6& . 32', If EH, the com- 
plement of latitude, be less than 23^ . 28', the sun will 
be above the hdrizop in summei*, atid below in winter, 
for more thai! 24 hours, and the longer above or 
below,^ as you approach the pole, where, as was before 
observed, it will be si^ months above, and as lonj 
below the horizon. The^ orbits of all the planets, an< 
of the moon, are also ihclined to the equator, as ap- 
pears by tracirig their ihotions amongst the fixed 

« 

* This is not ^acciyately true, bec^usB, as the sun is greater than 
the e^hh, he tvill illuihinkte bfeyoiid M hf k 'cjuatilit^ M^MicK i« 
nearly equki. In olittutesof a begree; to HU bf))4iftr^etit leHiidi^btbr. 
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stars ; tberefore, in the tkne in whkb each naakes one 
revolution in its orbit^ the same epp€»nmGes will take 
place, as in the sum AH these dimrent appearances 
m the motion, of the moon, must therefore happen in 
every month* It is also evident^ that these variations 
of rising and setting must be greater or leds^ as the 
orbits are more or less inclined to. the equator^ as ap- 
pears by Art. 78. Hence, they must be greater in the 
moon than in the ^xxti^. The aj^arent annual motion 
of the sun, and the real motion of the moon and 
planets, is from we$t to east, and therefore contrary to 
their apparent diurnal motion. 

(82.) Hitherto we have considered the motion of 
the heavenly bodies in the eastern hemisphere ; but if 
the figure represent the western hemisphere, all the 
reasoning will equally apply. Thebodies will be just 
as long in descending from the meridian to the 
, horizon, as in ascending from the horizon to the 
meridian j the paths described will be similar ; and 
they will set in the same situation in respect to the 
west point of the horizon, as they rise in respect to the 
east ; that is, if a body rise to the north or south of 
the east, it will set at the same distance from the west 
towards the north or south. 

(83.) Having thus explained all the apparent 
diurnal motions of the heavenly bodies, with the cause 
. of the variety of seasons, we shall proceed in the next 
place to show the method of determining the positions 
of the different circles, and the situation of the bodies 
in respect to the horizon, meridian, or any other 
circles, at any given time ; and having given their 
situation, to find the time ; for the understanding of 



* On account of the contimial change of declination of the sun, 
moon, and planets, their apparent diarnal motions will not be ac* 
curately parallel to the equator ; in thone caises therefore, where 
the declination alters sensibly in the course of a da^, and >p(^bere 
great accuracy ib required, we must in our computations, take into 
consideration, the change of declination^ 
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\¥hicb, a knowledge of piane^and spherical trigonome- 
try is all that is requisite. 

(84.) The altitude PR of the pole above the horizon, 
is equal to the latitude of the place. 

For the arc ZE is (l6) the measure of the latitude ; 
but PE =: ZR, each being=r 90^ ; take away ZP which 
is common to both, and EZ=PR^. 

(85.) To find the latitude of a places' observe the 
greatest and least altitude of a circumpolar star, and 
applif the correction for refraction, in order to get 
the true altitudes, and ha^ the sum mil be the alti- 
tude of the pole. 

For if y a? be the true circle dascribed by the star, 

then, as Px = Py, PR = -j x Ry + Rx. • See the last 
figure. 

The latitude may also be thus found. 
' heVeOt be the ecliptic; then when the sun comes 
to e, it's declination is the greatest, and eH is the 




greatest meridian altitude ; when the sun colDes to the 
ecliptic at // let ts be the parallel described on that 
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* From hence arises the method of measuring the circumference 
of the earth ; for if a man travel upon a meridian till the height of 
the pole Ijas altered one degree, he must then have travelled one 
degree ; hence, by measuring that distance and multiplying it by 
360, we get the circumference of the earth. This was undertaken 
by our countryman Mr. Norwood, who measured the distance 
between London and York, and observed the different altitudes of 
the pole at those places. Afterwards, the French mathematicians 

measured 
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..dey , and then s H is the le ast meridian altitude ; and 

%& Ee ^ Es, ^x He •{- Hs^=iHE the complement of 
the latitude. 

(86,) 'Half the d^erence of the sun's greatest and 
least meridian altitudes, is equal to the inclination of 
the ecliptic to the eqi mtor. 

For hvHf He- Hs, or half *e, is equal to Ee which 
{12) measui-es the angle EOe, the inclination of the 
ecliptic to the equator. 

(87.) The angle which the equator makes with the^ 
horizon J or the altitude of that point of the emmtar 
which is on the meridian, is equal to the complement 
of the latitude. 

For ZH is 90^, and therefore EH is the comple- 
ment of EZ; and as OE^OH^QQP, iS?^ measures 
(12) the angle £0i?*. 

(88.) Let abcdxe be a parallel of declination de- 
scribed by an heavenly body in the eastern hemisphere, 
and draw the circles of declination Ph, Pc, Pd, Px, 
and the circles ofialtitude Z:J, Zc, Zd, Zx. Now, sA, 
has been already explained, when the body comes to 
bj it rises ; at c it is at the middle point between a and 
€; and at d it is due east ; and let x be it's place at 
any other time. Let us suppose this body to be the. 
sun, and not to change it's declination, in it's passage 
from a to e, and let us suppose a clock to be adjusted 
to go 24 hours in one apparent diurnal revolution of 
the sun, or from the time it leaves any meridian till it - 
returns to it again, then the sun will always approach 
the mej^ian, or any other circle of declination, at the 

measured a degree. Cassini measured one in France. Aller 
that» ClairatU, Mauptrtuis, and several other mathemati- 
ciand went to Lapland, and measured a degree^ the length of 
which appears to De 69,2 English miles in the latitude .of 45^; for 
the earth being a spheroid^ the degrees in different latitudes are 
different. 

•*L *• See my Treatue on Plane and Spherical Trigonometry, Art. 1^3. 

-^his is the Trigonometry referred to in the future part of this 
Work. 



a6 voerAtvt, ot THk ivnEstA. 

rM« df iSfi in Hn hovtt i Also, the angfe which the sun 
describes about the pole will vaiy at the same rate, . 
because (13) an arc ore, which the sun at x baa to de- 
scribe before it comes to the meridiaii, measures the 
angle xPe^ called the hour angle. If therefore we 
suppose the clock to show 1 2 when the sun is on the 
meridian at a or e, it will be 6 o'clock when he is at c. 
Arid as the sun describes atigles about the pole P at the 
rate of 1 5^ in an hour, the angle between any circle, 
JPif, of declination passing through the sun at jr, and 
the meridian PE^ conyetted into time at the rate of 
15° for an hdur^ will giv6 the time from appdrMt 
noon, or when the sun comes to the meHdian. 

(89.) Given the surCs deelinatUm^ and laiitude of 
the place, to^nd the titM &fhi$ risings and azimuth 
at that time. 

The sun tis^s at & ; and in the tf iangle hZpf bZ=: 
90^, bP » do-dec. PZ =xco-lat« - Now when one side 
of fi triangle = 90^, it may be solved by the circular 
|Art8^ taking Ih^ Angles a^jaceilt to the sidt =690% and 
the compleiheitts of the otli^ three partft, for the 
<arouIar parts. Hence, (Trig. Art. 215^) rad« X c6s« 
ZPizicpt. bPx coti ZPy of^ rad« >( cos. hour ailgle=s: 
tail. dec.x tdn. lat therefore (Trig. Art dU). 

i^hich converted into timcj at the rate of 15* for an 
h6\it, (sfe6 Table I. at the end), ^nd subtracted frorti 
IS o'clock, gives t^e apparent time of rising. Also, 
(IVig. Art. 215.) fad. x cos. JP==sin. ^TPx cos. PZb, 
6t, wd. X sin. dec. = cos. lat. x <i6s. btu therefons 

iO,+/<'!g'. sin. dec. —log. cos. lat.ssUg. cos. axLfrom North. 

£x. Given the latitude of Cambridge 52^ . 12\35^ 
to find the time of the sun s rising t>n the Icmgest day, . 
atad azimuth at that time, assuming the greatest decii* 
nation of the sun 33° . i^\ 
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Dec. 23« ; W . o". - ttn. ^,6atGi&S 
tat. *»* . li* . 36. - teai. 10,1104699 



N 



Hour i: 1 34" . 2' . i7" * - COS. 9,7480805 

Convert thrrf iirta time {f ak I.) and it gives ^ 
8A. l9'-6", wKtch 8iibttecf*dfK»m l«,^6s aA. 40' v&^ Ty 5/^ ^^-J V? 
the time when the sun's center is ofioii the ratioDsI 
horizon on the longest day ; Also, 

jplec. 23* . 28^ O''. - 10, + 8ini 19^6001 181 
Lat. 62. 12. 35. - - cos. 9,7872996 

Azi. 49. 28. 9. - - COS. 9,8128185 

■ ■ 

Hence^ on the longest day, the sun riws 4 €^, ai^fl^ - 
from the east towards the north. 'V? ''-2^' ^ ^' 

(90*) Tejind the surCs altitude at six d clock. 

Th6 sMii is iXc at 6 o'clock, ind fh^ angte ZPc is 
a right one j hetice, (Trig. Art. 212.) rad. x cos. Zc:=: 
COS; ZP X cds. Pc, or rad. x sirij ilt. = «ri*i. lati « 4in. 
dec. therefore 

Log. sin. lat. + fog, ^n. rfec. — 10^= fog., ^n. alt. 

£i. taking the datit of the last exariiple, we haVe^ 
Lat. 62^ 12\ ^6^' - . sin. ^,89ff695 
Dec. 23. 28. O - - sin. 9,6061 181 



*>•*-:♦ t I 
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All- 18. 20.32. - - sin. 9,4978876 

(91.) itojind the iime when the sun comes to d the 
prime v^t'kcati and it*s altitude ai that time. 

in this chscj thfe angle d^P=^9Qf^\ hence, (Trig. 
Art. 112.) tkl X COS. dp =co%. ZPx cos. Zd, or, rad. 
k inn. dfe. =siri. lat. x Siii. alt thefefbrfe 



* This log. 9.74.80805 is found ia the tables to be the lof. eodiM 
o¥5i°. Sf. li'\ but as the angle is manifestly greater than 90°, .we 
most take its supplement. In the solution bt spherical triangles, 
aihfoifeuous cisQS \f ill freqabfatly arise j idt the dfetermination of 
which, where the case is not eTident> the tender is reC^rred to iny 
TrtoHse an Trigonometry. ■ - > 
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10,+ log. sin. dec. - log. sin. lat. =s log. sin. alt. 

Also, (Trig. Art. 212)rad. x cos.ZPd=cot Pdx tan. 
PZ, or, rad. x cos. hour angle = tan. dec. x cot. lat. 
therefore 

log. tan. dec. + log. cot. lat. — 10,== log. cos. lumr angle ; 

which, converted into time (Tab. I.)> gives the time 
from, apparent noon. 

Ex. Taking the data of the last example, we have, 
Dec. 23^ 28'. o" - 10 + ,sin. 19,6001 181 
Lat. 62.12.35 - - - sin. 9,8977695 

Alt. 30 . 15 . 31 - - sin. 9,7023486 



Dec. 23 . 28 . O - - tan. 9,6376106 
Lat. 52 . 1 2. 35 - - cot. 9,8895301 



Hour z 70. 19. 44, - - cos. 9,5271407 

This angle 70^. 19'. 44", converted into time, gives 
4h. 41'. 19'' the time from apparent noon. 

(22.) Given the latitude of the places the sun's 
declination, and altitude, to Jind the hmr^ and Ids 
azimuth. 

Let X be the sun's place ; then, (Trig. Art. 339 ) sin* 
Px X sin. PZ ; rad.» :: sin, j- X i*J ? + PZ+ Zr x sin. 
§ X Px-vPZ- Zx : COS. f ZPx* ; hence, ZPx is 
known, which converted into time (Tab. I.) gives the 
time from apparent noon. Also, (Trig. Art. i239) 
sin. Zx X sin. ZP ; rad.» :: sin. } x Z.r + ZP+Px x 
sin. i X Zx-\-ZP^Px : cos. i xZP" ; hence, the 
azimuth xZP from the north is known. 

Ex. Given the lat. 34°. 55' N, sun's declination 
93°. 23'. 57" N, and trae altitude 36". 59'. 39", to find 
the apparent tim&. 

Here, ZP = bb\ 5', Zj;=53°. (Z. 31", Par =! 67", 
37'. 3" : hence (Trig. Art. 339) 
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Px—G'j''.3f. 3" - ar. co. sin. 0,034019 
ZP = &5. 5. o - an CO. sin. 0^086193 

Zi?=53. O. 21 



Sum 175. 42..24 



i Sum 87. 61. 12 - . - sin. 9,999^94 

Zo? = 63 . 0. 2 1 



Diff. 34. 60, 61 . - - sin. 9,756932 

2)19,876838 

9,938419 
the cosine of 29^. 47' . 44", half the angle ZPx, .\ ZPx 
= 69*^. 36'. 28", which reduced into time gives 3 h. 
68'. 22", the time from apparent noon. By the very 
same process, the angle xZP is found. 

(93.) Given the error in altitude ^ tojind the error 
in time. 

« 

Let m n be parallel to the horizon, and nx represent 
the error in altitude ; then, as the calculation of the 
time is made upon supposition that there is no error 
in the declination, we must suppose the body to be at 
m instead of Xy and consequently the angle mPx^ or 
the arc jr, measures the error in time. 

Now nx : xm :: sin. nmx : rod. (Trig. Art. 125) 
xm : qr':,i cos.rx : rad. (Art. 13). 

hence« nx : qr :: siii. nmx x cos. rxi rad.* .'. qr^=^nx x 

rad.* 

-: ; but ZxP^nmx. nxm being the 

sm. nmx x cos. rx 

complement of both ; also, (Trig. Art. 221 .) sin. ZxP^ 
or fiwij?, : sin. ZP :: sin. xZP : sin. xP, or cos. rx^ 
/ . siti. nmx x cos. rx = sig . ZP x sin. xZP ; hence, qr = . 

rad*' rad.* 

sm. ZP X sm. xZP cos.lat. x sin. azim. 

Hence, the error is least on the prime vertical. All 
altitudes therefore, for the purpose of deducing the 



time^ AHff^t to be tjotkea on^ or as near t0, .the prime 
vertJG^ a0 .ppssibje. 

£x. In lat. 50^ 1 2\ if the error in alt. at j^r azim. 

44^ 22' be l\ then y r = l' x .g:^^llg^==: 3',334 of 

a d^ee=9",336 in time. 

Hence, the peri)endicular ascent of a body is 
quickest when it is on the prime vertical ; for nj; 
varies as sin. azim. when qr and the ^at. $^re giyen. 

(94.) Given the lat. of the place, and the surCs 
declination^ tojind the time when twilight begins. 

Twilight is ^re supposed to begin when the sun is 
18^ beiow the horizon ; draw therefore the circle hyk 
parallel to the horizon, aad X^"" below it, wi :twiiight 
.will be^i^.n when the sun COQ^S ^o y, Aud 2^ := 14^8? ; 
j^ience, ( Trig. Art. 239) >siQ.fy x sin. PJS : ritd.* :: 
sin, f xPZ +Py + t08^xsin.|xPZ+Py-^08^ : 

COS. i SfPZ'' ; therefore ^PZ is known, which .con- 
verted into time (Tab. I.), gives the time from .^yi^Or 
rent noon. The operation is the same as that in 
Art. 92. 

'(95.) To Jind the time when the apparent dium<jd 
motion of a fixed star, is perpendicular to the 
horizon. 

Let j/x be the parallel described by the star ; drayir 
the vertical circle Zh, touching it at o, and when the 




star comes to 0, it's motion is perpendicular to the 
horizon ; and as ZoP is a right angles we have (Trig. 
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Art? 12) r^A. x. cps.ZPo=taji- P.o x CP%. PZ, flr 
rad, X COS. hour angle = qot, 4ec. x tan. lat. th^reifpr?, 
hg. cotdep. ^ log. tan,, ht. — lo, = hs. cos.hmr angk; 
which c.onverte4 into Jime ,(Tab^ I.), gives th? timp 
from the itar 8 being on the ineridian. Hence, tbe 
time of the starts coming Ito the ajeridian being known, 
the time required will be known. 

(96.) Tojind the time i^f the shortje^t twilight. 

Let a 6 be the parallel of the swii^s dedinatioQ &t tbp 
time required, draw cd indefinitely near and parall^ 
to it, and TW^ parallel to the horizon 18* below it; 
then vPw^ sPi measure the duration of twilight on - 
eaeh parallel of declination, and when the twilight is . 
shortest, the increment: of the duration is=0, and 
these must be equal; hence, vPr=wPzy therefore 
vr =^w z ; and as rs^tz, and r and z are right angles, 
rv^^szwt; but Pvrs:go^=:ZvSy tBke,Zvr fi-om both, 
and PvZ:=:rvs; for the same reason PwZ=zwt; 
hence, PvZs^ PwZ. Take ve = wZ = 90^, and join 
JPe; and as Pv:=Pw, <be=«rZ, and Pve^PwZ, w^ 




have PemPZ; and if Py be perpendicular to eZ, 
thea-willJZ^zye. Now, (Trig. Art. 224) cos. Pv : 
09s. Pe,'Or PZif :: .cos. vjf :,oos. ej/y that is, 9in. dec. : 
sin. lat. :: sin. ey : cos. ^ :: to^n. ^ = 9^ : rad. or, ro^. 
: sin* lat. :: ian.$° : sin. of the s^fCs declination at 
the tioie of the shprtest twilight ; and the logarithmic 
operation is, 

^g..$iin. hit.^log. tan. 9^- lo,s/pg. sin., dec. 
Beeaute PZ-^a never greater than 90^ and Zy = Q^, 
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therefore Py is never greater than 90®, and it's cosine 
is positive; also, vy is always greater than 90*^, there- 
fore- it*s cosine is negative; hence, (Trig. Art. 212. 
rad. being unity) cos. Pv f= cos. Pyx cos. vy) is ne- 
gative ; consequently Pv is greater than 90^ ; there- 
fore the sun's declination is south. 

If, instead of taking RJV =z 18^ we take it = the 
sun's diameter (2^), we shall get the time of the year 
when the body of the sun is the least time in ascend* 
ing above the horizon ; hence, 

log. sin. lat.+log. tan. s-- 10, = log. sin. dec. 

Thus we get the declination when the sun is the least 
time in rising ; and as the declination must be always 
very small, this event must happen when the sun is 
very near the equinox. 

(97*) Tojindthe duration of the shortest twilight. 

As wPz=vPe, therefore ZPe^^vPw, which mea- 
sures the shortest time. Now (Trig. Art. 212) rad. 
X sin. Zy =sin. PZ x sin. ZPy, or, rad. x sin. 9° = cos. 
lat. X sin. ZPy, therefore, 

10, + log. sin. 9° — log. COS. lat. = log. sin. ZPy, 
which doubled gives ZPe, or vPw^ which, converted 
into time (Tab. I.), gives the duration of the shortest 
twilight. 

Ex. To find the time of the year at Cambridge, 
when the twilight is shortest ; and the length of that 
twilight. 

Lat. 52^ 12'. 35" . - - - sin. 9,8977695 
9^ ..... tan. 9,1997125 



Dec. 7^ 1 r. 25" 



sin. 9,0974820 



This declination of the sun gives the time about 
March 2, and October 11. 

9^. O'. O" - - 10,+9in. 19,1943324 
Lat 52. 12.35 - - - cos. 9,7872996 



ZPy 14. 47. 27 



sin. 9,4070328 
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The double of this gives 29*. 34'. 54", which, con- 
Terted into time, gives ih. 58'. 20'^ for the duration of 
the shortest twilight, it being supposed to end whea 
the sun is 1 8** below the horizon. 

(98.) To find the sun's declination^ when it is just 
twilight all night. 

Here the sun at a (Pig. p. 25.) must be 18* below 
the horizon ; therefore 1 8^ + dec. Qa = RQ, = £ jy= 
comp. of lat. of place; hence, the sun's dec.=:comp. 
lat. ^ 1 8^ ; look therefore into the Nautical Almanack^ 
and see on what days the sun has this declination, 
and you have the time required. The «un s greatest 
declination being 23^. 28' it follows, that if the com** 
plement of latitude be greater than 41^. 28', or if the 
latitude be less than 48^. 32', there can never be twi^ 
light all night. If the sun be on the other side of the 
equator, then it's dec.= 18®. - comp. lat. 

{99*) 'f the 8un*s declination Ee be greater than 
EZ. then the sun comes to the meridian at e to the 
north of the zenith Z of the spectator ; and if we draw 
the secondary Zqm touching the parallel ae of declina- 
tion described by the sun, then Rm is the greatest 
azimuth from the north which the sun has that day, the 




azimuth increasing till the sun comes to 5, and th^n 
decreasing ; for a circle from Z to any other point of 
ea will cut RO nearer to /{, and it will also cut ea in . 
two points which have the same azimuth, they being 
in the same vertical circle; in this case, therefore, the 

c 
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gun has the same azimuth twice in the morning. If, 
therefore, we draw the straight line Zv perpendicular 
to the horizon, the shadow of this line, being always 
opposite to the sun, will, in the morning, first recede 
from the south pcnnt Hy and then approach it, and 
therefore will go backwards upon the horizon* But 
if we consider PV as a straight line, or the earth's 
axis produced, the shadow of> that lin« will not go 
backwards upon the horizon, because the sun always 
revolves about that line, whereas it does not revolve 
about the perpendicular Zr, it never getting to the 
south of it. Hence it appears, that the shadow of the 
sun upon a dial can never go backwards, became the 
gnomon of a dial is parallel to PP^, and therefore the 
sun most always revolve about the. gnomon. 

The time when the azimuth is greatest is found from 
the right angled triangle PqZ; for (Trig. Art. 212) 
rad. X co8.ZPy = tan. qP x cot. PZ, or, rad. x cos. hour 
angles cot. dec. x tan. lat. ; therefore, 
log. cot. dec. + log. tan. lat. — 10 j^log. cog. hour angle 
from apparent noon* 

(100.) It has hitherto been supposed^ that it is 12 
o^clock .when the sun comes to the meridian ZHJ^T 
(Fig. p. 20) and that the clock goes just 24 hours in 
the interval of the sun's passage from any meridian till 
it returns to it again. But if a clock be thus adjusted 
for one day, it will not continue to show 1 2 o'clock 
every day when the sun comes to the meridian, be* 
cause it is found by observation, that the intervals of 
time from the sun's leaving any meridian till it returns 
to it again, are not always equal ; this diiierence be- 
tween the sun and the clock is called the Eqiuztionof 
Time, as will be explained in Chap. IV. Hence^ 
when the clock does not agree with the sun, and the 
son is at x, any arc xe is not the measure of the time 
from 1 2 o'clock, but from the time when the sun comes 
to the meridian, or from apparent noon, ad it is called* 

(101.) The method of finding the hour angle for 
the time at which a body rises; has been upon the sup- 
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position that the body is upon the rational horizon at 
the instant it appears, or 90° from the zenith ; but all 
bodies in the horizon are elevated by refraction 33' 
above their true places; this therefore would make 
them appear when they are 33' below the rational 
horizon, or go'^^. 33' from the zenith; also, all the 
bodies in our system are depressed below their true 
places by parallax^ as will be afterwards explained ; 
therefore from this cause they would not appear till 
they were elevated above the rational horizon by a 
quantity equal to their horizontal parallax, or when 
distant from the zenith 90® - hor, pan Hence^ from 




both causes together, a body becomes visible when it*s 
distance ZVirqm the zenith = 90*^ + 33' — hor. parallax^ 
f^ being the place of the body when it becomes visible, 
Z the zenith, and P the pole^ hence, knowing ZF^, 
also ZP the complement of latitude, and Pf^the com- 
plement of declination, we can find the hour angle 
ZPV. A fixed star has no parallax, therefore in this 
case ZF=90^ 33'. 

fofindthe Time in which the Sun passes the Meridian^ 
or the horizontal Wire of a Telescope. 

(103.) Let m:^ be the diameter of d* of the sun, esti- 
mated in seconds of a great circle ; then, as the se- 
conds in mx, considered as a small circle, must be 
increased in proportion as the radius is diminished, 
because (Trig. Art. 75) when the arc is given, the 
angle is inversely as the radius, we have, sin. jP;r^ or 

c 2 
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COS. dec. rx, : rad. :: seconds <r in mar of a great circle : 
the seconds in nurofthe small circle ea, which (13) i» 




equal to the seconds in qr, or^ in the angle rPq, and 
therefore the angle tPq^d' divided by cos. dec. (rad. 
being unity) = rf" x sec. dec., which measures the time 
in which the sun passes over a space equal to if s 
diameter, and consequently the time the diameter 
will be in passing over the meridian ; hence, 1 5^' in 
space (correspondmg to 1" in time) : d' x sec. dec. in 
space :: 1'' in time : the time hi seconds of passing the 



meridian =• 



<f ' X sec. dec. 



15' 



(103.) Hence, qr, the sun*s diameter in right 

ascension, is equal to d' x sec. dec. If, therefore, the 

sun's diamfeter=32'= 1920", and it's dec. = 20°, it*s 

diameter in right ascension = 1 920" x 1 ,064 =3 4". 2,^^88. 

The same is true for the moon, if £r=it's diameter. 

rad* 

(104.) By Art. 93. qrz=znx x 1 i r— 

^ "^ •* COS. lat. X sm. azim. 

rad.* 

=i (if nx= d\ the sun's diameter )rf^ x r-- — ^r^^ : — 

^ ^ cos.lat.xsm. azim. 

hence, as before, the time of describing qr, or the 

time in which the sun ascends perpendicularly through 

a space equal to if s diameter, or the time of pasling 

'd^ rad.* 

an herizontal wire, is equal to rrTrX =-: z : — 

^ 1 5 ' cos. lat X sm. azim . 
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The same expression must also give the time which 
the body of the sun is in ascending above the horizon. 
If rf''=1980" the horizontal refraction, then d" di- 
vided by 15'' = 132"; hence, refraction accelerates the 

rising of tHe sun bv 132"x 1 r : — . 

° •' " COS. lat. X sm. azim* 

On the Principles of Diaiiing. 

•.(105,) Asthefippacentmotionof the sun about the 
axis of the earth, is at the rate of 16"^ in an hour, very 
nearly, let us suppose the axis of the earth to project it's 
shadow into the meridian opposite to that in which the 
sun is, and then this meridian will move at the rate of 1 5® 
in an hour. Hejice, let «Pi?p£r represent a "meridian 




on th^ earth's surface, POp the earth's axis, z the place 
of the spectator, HKHF'^ great circle, of which z is the 
pole ; draw the meridians Pi/?, P2/>, &c. making angles 
with PRp of 15^, 30®, &c. respectively, then, sup- 
posing PR to be the meridian into which the shadow 
of OP is projected at 12 o'clock, Pi, P2, &c. are the 
meridians into which it is projected at 1,2, &c. o clock, 
and the shadow will be projected on the plane HKRV 
into the lines OR, Ol, 02, &c. and the angles ROi, 
RO2, &c« will be the angles between the 12 o'clock 
line and the 1> 9, &c. o'clock lines. Now in the rigHt 
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angled tritngle PRl, W6 have (64) PR the latitude 
of the place, and the angle RPl = t5* ; henoe, (Trig. 
Art. 310) rad. : ian. 1 5* :: sin. PR : tan. Rl ; in the 
game manner we may calculate the arcs R2, R3y &e. 
In this case, we make the earth's axis the gnomon» 
and the shadow is projected upon the plane HKRf^. 
Ta^e a plane ahcd at «, parallel to HKRF', and it is 
the sensible horizon (21), and draw zr parallel to 
pop ; then, on account of the great distance of the 
sun, we may conceive it to revolve about %r in the 
same manner as about PO, and consequently the 
shadow will be projected upon the plane ubcdy in the 
same manner as the shadow of PO is projected upon 
the plane HKRf^, and therefore the hour angles ar& 
calculated by the same proportion. ^This is an Aon- 
xanfal dial. 

( 106.) Now let NLzK be a great circle perpendicu- 
lar to PRpH, and consequently perpendicular to the 




horizdn at z, and the side next to JST is full south* 
Then, fdr the same reason as before, if the angles Npl^ 
Np2, &c. be 16^ 30^ &c the shadow of pO will be 
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prcgected into the lines Ot, O2, &c. »t 1, ^, &c. 
o*cljDck, and dfie angles NOl , NO2, &c. yv\\l be mea. 
«ufed by the ar^s^ M, Na, 8rcw Hence, in the right 
angled triangle pNi^ pN=s:ihe com^mentof ]the 
latitiide, and the angle Nplszi^^; tbereibne (Trig« 
Art 210) rod.: tan. 15^ :: sin. pN : tan. Nl ; in the 
same manner we find NHj NSj &a Hence, for the 
same reason as tor the horizontal dial, if zabc be a 
plane coinciding with NLzK^ and $f be parallel to Op^ 
St will jprojeot if a shadow ui the same manner on the 
plane r&ahcj as Op does on die plane NLmK, and 
tfaei^one the hour angfes fromi the 12 o'clock liiie are 
Gompitted by the same proportion. This is a vertical 
^outh dial. In the same manner the shadow may be 
projected upon a plane in any position, and the hour 
angles calculated. 

(107.) In order to fix an horizontardial, we must 
be able to tell the exact time of the sun's coming to 
the meridian ; for which purpose, find the time (92) 
by the sun*s altitude when it is at the solstices, that 
being the best time of the year for the purpose, be- 
cause then the declination does not vary, and set a 
well-regulated watch to that time ; then, when ' the 
watch shows 12 o'clock,- the sun is on the meridian ; 
at that instant, therefore, set the dial, so that the 
shadow of the gnomon may coincide with the 12 
o'clock line, and it stands right 

(108.) Hence, we may easily draw a meridian line 
upon an horizontal plane. ^Suspend a plumb line so 
that the shadow of it may fall upon the plane, and 
when the watch shows 1 2, the shadow of the plumb 
line is the true meridian. The common way is to 
describe several concentric circles upon an horizontal 
plane, and in the center to erect a gnomon perpendi- 
cularly to it, with a small round well defined head, 
like the head of a pin ; make a point upon any one 
of the circles where the shadow of the head falls upoi^ 
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it in the morning, and again where it falls upon the 
same circle in the afternoon ; draw tWo radii from 
these two points, and bisect the angle between them^ 
and the bisecting line will be a meridian line. This 
should be done when the sun is at the tropic, when it 
does not sensibly change it's declination in the interval 
of the observations ; for if it do, the sun will not be 
equidistant fiom the meridian at equal altitudes. But 
this method is not capable of very great accuracy ; for 
the ^adow not being veiy accurately defined, it is not 
easy to say at what instant of time the shadow of the 
head of the gnomon is bisected by the circ)e. If, how- 
ever, several circles be made use of, and the mean of the 
ivhole number of meridians so taken, be drawn, the 
meridian may be found with sufficient accuracy for all 
common purposes. 

(109.) To find whether a wall be full south Cor a 
vertical south dial, erect a gnomon perpendicularly to 
it, and hang a plumb line from it ; then when the 
watch, as above adjusted, shows .12, if the shadow of 
the gnomon coincide with the plumb line^ the wall is 
full south. 




c 



HAP. 



III. 



TO DETERMINE THE RIGHT ASCENSION, DECLII^ATION^ 
LATITUDE AND LONGITUDE OP THE HEAVENLY 
BODIES. 

(110.) The foundation of all Astronomy is to deter- 
inine the situation of the fixed stars^ in order to find, 
by a rderence to such fixed objects, the places of the ' 
other bodies at any given time, and then<ie to deduce 
their proper motions. The positions of the fixed stars 
are found from observation, by knowing their right 
asceiisions and declinations (4l); and these are found 
by means of the transit telescope and astronomical 
quadrant, as explained in my Treatise on Practical 
Astronomy; and then, by computation, their latitudes 
and longitudes may be found* 

(111.) As the earth revolves' uniformly about it*s 
axis, the apparent motion of all the heavenly bodies, 
arising from this motion of the earth, must be uni« 
form ; and as this motion is parallel to the equator 
(76), the intervals of the times, in which any two 
stars pass over the meridian, must be in proportion to 
the arc of the equator intercepted between the two 
secondaries passing through them, because (13) this 
arc of the equator contains the same number of degrees 
as the arc of any small circle parallel to it, and com- 
prehended between the same secondaries ; and there- 
fore, if one increase uniformly, the other must. 
Hence, the right ascension of stars passing the 
meridian at different times, will difiler iq proportion to 
the diflerence of the times of their passing, that is, if 
one-star pass the meridian 1 hour before another,, the 
difference of llieir right ascensions is 1 5^. Hence, if 
the clock be supposed to go uniformly, we have the 
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following rule : As the interval of the times of the 
succeeding passages of any one jixed star over the 
meridian : the interval of the passages of any two 
stars :: 36o* : tfieir difference ^ right ascensions*. 
By the same method we may find the difierence of 
right ascensions of the sun or moon, when they'pMS 
the meridian, and a star, and therefore if that of the 
^ star be known, that of the sun or moon will ; which 
conclusion will be more exact, if we compare them 
with several stars, and take the mean. 

(112.) Now to determine the right ascension of a 
fixed star, Mr. Flamstead proposed a method, by com- 
paring the right ascension of the star widi that of the 
sun when near the equinoxes, the sun haying the 
same declination each time ; and as t^is method has 
not been noticed by any wraters, we i^all gii;^ an ex- 
planation. Let AGCKE be the equator, ABCfVE 
the ecliptic, S the place of the star, Sm a secondary 
to the equator, and let the sun be at P, near to Ay 
when it is on the meridian^ and take CTvs^PA^ and 
draw PL^ TZy perpendicular to AGC, and ZL is 
paralld to j4C, and the sun^s declination is the same 
at T as at P. Observe the meridian altittide of the 
sun when at P, and also the time of the passage of it*s 




center over the meridian ; observe also at what time 
the star passes over tlie meridian, and then (111) fijid 



V. 



* A small correction must here be applied for,tbe aberration of 
the star, in order to get the true drffeTenoe of right ascensions, as 
will be explained ; because tkfere is a small difference between the 
trte and apparent places. 
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the apfMireiit dvierence Lm <tf their right «ficensioiii»» 
When the «un approaches near to T^ obserte it's me* 
ridian (altitude for several days, ao that on one of them, ^ 
at if it may be greater, and on the next day, at e, it 
may be less than the meridian altitude at P, so that in 
the intermediate time it must have passed through 7; 
and dra'mng tbj es, perpendicular to AGCE, observe, 
on these two days, the difference bm, sm of the sun's 
right asoension and that of the star ; draw also sv 
paralld to Zo. Then, to find Zb^ we may consider 
the variation both of tiie right ascension arra declina- 
tton, to be uniform for a small time, and consequently 
to be proportional to each other ; hence, v b (the 
change of meridian altitudes in one day) : ob (the dif- 
ference of the meridian altitudes at t and T, or the 
difiference of declination ) :: sb (the dilfl^nce of s m, 
bm found by observation) : Zb, which added to b m, 
or si:^tracted from it, according to the situation of tn, 
gives Zm, to which add Lm, or take their diflference, "^ 
according to circumstances, and we get ZL, which 
subtract^ from AGC, or 180^, half the remainder 
will be ALy the 6un*s right ascevision at the first ob- 
servation, to which add Lm, and we get die star*s( 
right ascensien at the same time. Instead of finding . 
bZy we might have found sZy by taking TZ-ts for 
the secOTid term, and thence we should have got Zm. 
Thtis we isbould get the right ascension of a star, upon 
supposition t-hat the position of the equator had re-' 
mained the same, and the apparent place of the star 
bad not varied in the interval of the observations. But 
the intersection of diejequator with the ecliptic has a 
retrograde motion^ called the Precession of the 
.Equinoxes ; also, tlie inclination of the equator to the 
ecliptic is subject to a variation, called the Nutation ; 
and from the aberration of the star, it's apparent place 
is continually chaining ; these must therefore be al- 
lowed for, by considering how fnuch they have varied 
in the interval of die observations ; but these are not 
subjects to be treated of in an elementary' treatise. 
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Having thus determined the right ascension of one 
star, that of the rest may be found from it ( 1 1 1 ). 

(113.) The practical method of finding the right 
ascension of a body from that of a fixed star, by a 
clock adjusted to sidereal time *, is this : Let the 
clock begin it's motion from Oh 0\ O" at the instant 
the first point of Aries is on the meridian ; then, when 
any star comes to the meridian, th^ clock will show 
the apparent right ascension of the star, the right 
ascension being estimated in the time, at the rate of 
15^ for an hour, provided the clock is subject to no 
error, because it will then show, at any time, how far 
the first point of Aries is from the meridian* But as 
the clock is necessarily liable to err, we must be able, 
at any time, to ascertain what it*s error is» that is, what 
is the difierence between the right ascension shown by 
the clockj and the right ascension of that point of the 
equator wl;iich is at that time on the meridian. To do 
this, we must, when a star, whose apparent right ascen- 
sion is known, passes the meridian, compare it's appa- 
rent right ascension with the right ascension shown by 
the clock, and the diflference wilt show the error of the 
clock. For instance, let the apparent right ascension 
of Aldebaran be 4h. 23\ bO" at the time when it*s 
transit over the meridian is observed by the clock, and 
suppose the time shown by the clock to be 4h. 23\ 52'', 
then there is an error of 2'* in the clock, it giving the 
right ascension of the star *2" more than it ought. If 
the clock be compared with several stars, and the 
mean error taken, we shall have, more accurately, the 
error at the mean time of all the observations. These 
observations being repeated every day, we shall get the 
rate of the clocks going, that is, how fast it gains or 
loses. The error of the clock, and the rate of it's 



* A clock is said to be adjusted to sidereal time, when it is ad- 
justed to go 24 hours from the time a fixed star leaves the meridian 
till it returns to it, or it is the time of a revolutioa of the earth 
about it's axis. 
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going, being thus ascertained, if the time of the true 
transit of any body be observed, and the error of the 
clock at the time be applied, we shall have the right 
ascension of the body. This is the method by which 
the right ascension of the sun, moon^ and planets are 
regularly found in observatories. 

(114.) The right ascension of the heavenly bodies 
being thus ascertained, the next thing to be explained 
is, the method of finding Iheir declinations. Take the 
Apparent altitude of the body, when it passes the 
meridian, by an astronomical quadrant, as explained 
in my Txeatise on Practiced Astronomy ; correct it 
for parallax and refraction (Chap. VI. and VII.) and 
you get the true meridian altitude, Ht^ or Hcj (Fig. 
page ^5), the difference between which and the alti- 
tude HE of the equator (which, by Art. 87, is equal 
to the complement of the latitude previously deter*-, 
mined) is the declination Ety or Ee^ required. 

Ex. On April 27, 177^*5 the zenith distance of the 
moon's lower limb, when it passed the meridian at 
Greenwich, was 68^ 19'. 37'',3 ; it's parallax in alti- 
tude was 66'. 19",2, allowing for the spheroidical 
figure of the earth ; the barometer stood at 29, 58, 
and the thermometer at 49 ; to find the declination. 

Observed zenith distance of L. L. 68°. 1^9'. 3f& 

Refr. cor. for bar. and ther. - + 2. 23 



68.22.00,3 
Parallax ------- — 56. 19,2 



True zenith distance of L.L. - 67. 25. 41,1 
Semidiametcr -- - -- - — 16. 35 



True zenith distance of the center G^. 9. 6,1 
Latitude •-*----- 51. 38. 40 



Declination south - - — • - 15. 40. 26,1 



The horizontal parallax and semidiametcr may be 
taken from the Nautical Almanack ; and the parallax 
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in altitude may be found, as will be explained wben 
we come to treat of the parallax. 

Given the Right Ascension cmd Declination of an 
Heavenhf Bodif^ and the Obliquity of the Ecnptic^ 
to find the Latitude and Longitude. 

(115.) Let s be the body, «r C the ecliptic, r Q the 
equator, sr, sp perpendicular to v C, v Q. Then 
(Trig. Art. 212) tan. sp : rad. :: sin tP ' cot. syp. 
Hence, syp + Qr C=^ v r. Also, 




COS. s<rp • rad. :: tan. p^ : tan. * r (Trig. Art. 219) 
rad. : cos.^y r :: tan. s r : tan. rep (Trig. Art. 319) 



'f^' 



/. COS. $^ p I COS. «v r :: tan. p^ : taa. r v = 

COS. ^rrx ton, yy^^^ tangent of the longitude; and 

COS. ^ tP ^ 

the logarithmic operation is, 

ar. CO. log. cos, a Tp+^og. cog. $Tr+iog. ian.pT^^O, ^hg. tan. r V. 

Also, (Trig Art. 210) rad. : sin. tt \' ton. ry^** ton. 
sr the tangent oi latitude i and the logarithmie opera- 
tion is, 

log. sin. rT + log. tan. r y* - IO,=foff. tan. sr. 

In this manner, the right ascensions and declinations 
of the fixed stors being found from observation^ their 
latitudes and longitudes may ,be computed, and their 
places become determined (41); hence, a catalogue of 
the fixed stars may be made for any time. 

If ^e latitude and longitude be given, the right 
ascensioR and declination may' be found in the same 
manner ; considering y^C the equator, and y Q the 
^liptic. 



Chap. IV. 

ON THE KdUATION OF tIME. 

(tl6.) Having explained^ in the last Chapter, 
the practical methods of determining the place of any 
bodv in the heavens, we come next to the ccuisidera- 
tiojQi of another cireumstance not less important, that 
is, the irregularity of time as measured by the sun. 
The best measure of time which we have, is a clock 
regulated by the vibration of a pendulum. But with 
whatever accuracy a clock may be made, it must be 
subject to go ixregularly, partly from the imperfection 
of the workmanship, and partly from the expansion 
and contraction of the materials by heat and cold, by 
which the length of the pendulum, and consequently 
the time of vibration, will vary. As no clock, there- 
fore, can be depended upon for keeping time accu- 
rately, it is necessary that we should be able to ascer- 
tain, at any time, how much it is too fast or too slow, 
and at what rate it gains or loses. For this purpose, 
it must be compared with some motion which is uni- 
form, or of which, if it be not uniform,* you can ascer- 
tain the variation. The motions of the heavenly 
bodies have therefore been considered as mpst proper 
for this purpose. Now the earth revolving uniformly 
about it's axis, the apparent diurnal motion of the 
fixed stars about the axis must be uniform.^ If a 
clock, therefore, be adjusted to go 34 hours from tlie 
passage of any fi^ed star over the< meridian till it 
returns to it again, it's rate of going may be at any 
time determined by comparing it with the transit of 
any fixed star, and observing whether the interval con- 
tinues to be 24 hours ; if not, the diiference shows 
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how much it gains or loses in that time. A clock ad* 
justecFto go 24 hours in this interval, is said to be 
adjusted to sidereal time. But if we tompare a clock 
with the sun, and adjust it to go 24 hours from the 
time the sun leaves the meridian on any day, till he 
returns to it the next day, which is a true solar day, 
the clock will not, even if it go uniformly, continue to 
agree with^the sun, that is, it will not show 12 when 
the sun comes to the meridian. 

(117.) For let P be.the jjole of the earth, vwyz it*s 
equator, and suppose the earth to revolve about it's 
axis in the order of the letters vwtf s ; let <f DLE be 
the celestial equator, and <f CL the ecliptic, in which 




the sun moves according to that direction. Let the 
sun be at a when it is upon the meridian of any place 
on any one day, and m the place when it is on the 
meridian the next day, and draw Pvae, Prmp, se- 
condaries to the equator, arid let the spectator be at^ 
on the meridian Pv^ with the sun at a on his meridian. 
Then whep the earth has made one revolution about 
it's axis, Psv IS come again into the same position; 
but the sun having moved forwaW, the earth must 
continue to revolve, in order to bring the meridian 
Psv into the position P rm^ so that the sun at m may 
be again in the spectator's meridian. Now the angle 
vPr is. measured by the arc ep, which is the increase 
of the sun's right ascension in a true solar day, the; 
right ascension being measured upon the equator 
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<f DLB (41 ) ; hence, the length of a true solar dm/, 
is equal to the time of the eartKs rotation about tfs 
axis + the time of it's describing an angle equal to 
the increase of the smCs right ascension on a true 
solar dojf. Isfow if the sun moved uniformly, and in 
the equator <r DLE^ this increase^ ep, would be aU 
ways the same in the same time^ and therefore the 
solar days would be always equal ; but the sun moves 
in the eclij^tic <r CL, and therefore, if it's motion 
Were umform, equal arcs {am) upon the ecliptic 
would not give equal arcs (ep) upon the equator *. 
But the motion of the sun is not uniform, and there- 
fore am^ described in any given time^ is subject to a 
variation, which must, on this account also^ necessarily 
make ep variable* Hence, the increase, ef, of the 
sun's right ascension in a day, varies from two causes, 
that is, from the ecliptic not coinciding with the 
equator, and from the unequal motion of the sun in 
the ecliptic ; therefore the length of a true solar day 
is subject to a continual variation; consequently a 
clock, adjusted to go 24 hours for any one true solar 
day, will not continue to shew 1 2 when the suncmes 
to the meridian, because the intervals bythe clock will 
continue e^ual (the clock being supposed neither to 
gain nor lose), but the interval of the sun^s passage 
over the meridian will vary. 

(118.) As the sun moves through 36o^ of right 
ascension in 365^ days very nearly, therefore 305 1 
days : 1 day :: 360^ : b^. 8'',2 the increase of right 



* For draw mt parallel to «p, and lappooe ma to be indefinitelj 
•mall ; then by plain trigonometry, 
9ia : «U ;: rad. : sin. mat, or T oe (Trig. Art. 125.) 
mi : ep ;; cob, ae ; rad. (Art. 13) 

.• .ma i ep '^ cxm. ae : sin. Y^ a« :: (hecanse lin. T a« as 

COS. arg xrad. ^ . ^^^ ^^^^ coTo?: cos. aTex radius : bence^ 

COS. a« . " 
the ratio of ma to cp is Tarisible ; if therefore the snn's inotion ma 
were uniform the corresponding increase ejp of right asccnstoa 
would not be aniibmi. 
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ascension in one dny, t^the increase were untfonn^ in 
which case the solar days would be equal, and these 
days are called mean solar days. If therefoi^e a clock 
be adjusted to go 24 houirs in a mean solar day^ it can- 
not continue to coincide with the sun, that is, to show 
1 2 when the sun is on the oieridiitn ; but the sun will 
pass the meridian, sometimes before \2 and some- 
times after, lliis diiSerence is called the Equation (^ 
Time. . A clock thus adjusted, is said to be adjusted 
to mean solar time*. . The tinie shown by the clock 
is called inie or mean time, and that shown by the 
^un k cdled apparent time. • / 

(119.) A clock adjusted to go 24 hours in a mean 
solar day, would coincide with an imaginary star mov- 
ing uniformly in the equator with the sun*s mean 
motion 59', 8",2 in right ascension, if the star were to 
set oi^ from any given meridian when .the clock shows 
12 ; that IS, the clock would always show L2 when the 
star came to the meridian, because the interval of the 
passages of this star over the meridian would be a mean 
solar day. This star, therefore^ if we reckoix it's mo* 
tion from the meridian^ in time, at the rate of 1 hour 
for 15^, would always coincide with t;faeqlock; that 
is, when the clock shows 1 hour, tlie star's motion 
would be 1 hour in right ascension, reckoned in time- 
at the rate of 15^ for an hour; when the . ^lock shows 
2 hours, the star's mdtion would be 2 hcH^js;. and so 
on. Hence, this star may be substitiitedi instead of 
the clock; therefore, when the sun pass^f^thp given 
meridian, the difference between it's right ascension 
and that of the star, converted into time^is the differ* 
ence between the time when the sun is on the me- 
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* As the earth describes an angle of SdCfi. 59\ H",2 about it's 
axis in a >mean solar <ky of 24 hours, and an angle of 3600 in a 
siderealisiy, therefore SCO®. 59\ S^a ; 360«>. i- 2U. : 23M. 5&. 
4r/'09S the length of a sidereal day in mean solar time, or the time 
from the p^xxgQ of a fixed sdar over the meridian, tilt it returns to 
itagaia. 
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ridian and 12 o'clock^ or the equation of tione; 
because the given meridian passes through the star at 
12 o'clock, and it*s motion, in respect to the star, Is 
at the raite of 16^ in an hour (121). 

(l'20i) Now; M compute the equation of time, let 
-4iPL5^ be' the ecliptic, ;^Li; the equator^ ^ the first 




point of aries,JR the sun's apogee, /S any plaoe^of the 
sun ; draw Sv perpendicular to the ^qiiatori ^ncl take 
jin=;AP. When the sun departs frppoi 1% ^et the 
imaginary; star set out from w with the si;n's\pa^an^ 
inotipn in right ascension, or in longitu^e^ or at tl^e 
rate of 59', 3^',2 ij:i a day, and when n pas$je^ the 
meridian, let. the clock be adjusted' to 12,. as described 
in the last article : these are the'cqrresiponding posi- 
tions of the clock and sun, as assumed by astronomers. 
Take nm=Pf^f and when the star comes to m, the 
place of the sun, if it moved uniformly witt it's mean 
motion, would be at s, but at that time let S' be the 
place of the sun, and let the sun at /S, and consequently 
V, be on the meridian ; then as m is the place of the 
imaginary star at that instant^ mv is the equation of 
time. Let a be the mean equinox*, and draw. a« per- 
pendicular to AL; then z on the equator would have 
coiucided with a, if the equinox had moved uniformly ; 
therefore we must reckon the mean right ascension 
from «. :Now mt;=^i;— ^m; but jim=:Az+,zm 
= ^ax COS. aAz-^-zm^: (because cos^ aAz (23^ 28') 
= 44 very nearly) • i i Aa +)^niy hence, m v =:A v — xm 

*»— ^—— *————■— T*"^""^?* ' " ■ ■ ■ I lili II ' 1 II I H ■! i^— l».^»M ■■■ » I II I »■■ 

/** Tbe equinox- has a' retrograde 'nfiolionj and' th&f motion Is hot 
uniform ; we bejre therefore soppo^^ ^ to ,be t^* point where^tfie 
equiDpx would have been, if ivmoy^d uniformly with ii^% mean 
velocity, . ' '" 4 

D 2 
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—44^11 ; but Avis the sun's true right ascension^ x ^ 
is the mean right asoensioD^ or mean lon^tude, and 
44. ^a {Az) is the equation of the equinoxes in right 
ascension ; hence, the equation of time is e^ual to the 
difference of the sun^s true right ascemiaili and ifs 
mean longitude corrected hy the equation qjrthe equir 
noxes in right ascension. When Am is less than Av^ 
mean time precedes apparent^ and when greater^ 
apparent time precedes niean ; for as the earth turns 
about ft*s axis in the direction Av^ or in the order of 
right ascension, that body whose right ascension is 
least must come upon the meridian first ; that is, when 
the 8un*s true right ascension is greater than it*s mean 
longitude corrected as abov^ we must add the equa- 
tion of time to the apparent, to get the mean time ; 
and when it is lessy we must subtract. To convert 
mean time into apparent, we must subtract in the 
former case, and add in the latter. This rule for 
computing the equation of time, was first given by 
Dr. Mashelyne in the Phil. Trans. 1764. 

(121.) As a meridian of the earth, when it leaves 
m, returns to it again in 24 hours, it may be con- 
sidered, when it leaves that point, as approaching 
a point at that time 360^ from it, and at which time 
it arrives in 24 hours. Hence, the relative velocity 
with which a meridian accedes to or recedes firom m, 

' is at the rate of 1 5^ in an hour. Thet^ore, when the 
meridian passes through t;, the arc t; m, reduced into 
time at the rate of L5^ in an hour, gives the equation 
of time at that instant. Hence, the equation of 
time is computed for the instant of apparent noon, 
or when the sun is on the meridian. Now the time of 
apparent noon in mean solar time, for which we com- 
pute^can only be known by knowingthe equation of time. 
To compute, therefore, the equation on any day, you 
must assume the equation the same as on that day 
four years before, irom which it will difl&r but very 
little, and it will give the time of apparent noon, sufli- 

' 4:iently accurate for the purpose of computing the 
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equation. If you do not know the equation four yean 
before, compute the equation for noon mean time^ an4 
that will give apparent noon accurately enough. 

Ex. To find the equation of time on July 1, 
1793^ for the meridian of Greenwich^ by mayer^s 
Tables. 

The equation on July 1^ 1788^ was^ by the Nautical 
AbnanaCy 3\ 28^' , to be added to apparent noon^ to give 
the corresponding mean time; hence, for July 1^ 179^» 
at oh. 3\ ^y compute the true lon^tude *. 



* The reason of this operation will appear to those who under- 
stand the method of omipnting the place of the sun from the aolar 
tables. The explanation of such matters comes not within the 
plan of this work. See my Complete Suuem qfAoranan^. 
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With this true longitude^ and obliquity 23^ 27'. 
48''^4 of the ecliptic^ the true right ascension of the 



siiQ.is fiwod to bea'.i 11^. 5^ 41^35 ; al»>9 <^e equa- 
tion of the 'equiDoxes ip longttudecs - (y';6 ; hence, 
I The mean longitude ^ - 3*. 10^ 13'. 25 V ' 
^oi^O",6 - • - - . ~ 0,55 
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Mean longitude corrected 3. 10. 13. 24^85^ 
True right ascension t - ^ 3» llw 6. 41,35 

. Equation - - - - - 62. l6>4 

Which con verted into time, gives 3'. 29", 1 for the true 
equation of time; which must be added to apparent, 
to give the true time, because the true right ascension 
^s greater than the mean longitude. 

(I22i) The sun*s apogee,. P, has a progressive 
motion, and the equinoctial points, A, jL, have a 
regressive* motion ; the inclination also of the equator 
to the ecliptic is subject to a constant variation. Hence^ 
the kame Tajble of the equation of time cannot cbntinue 
to serve for the same degree of the* sun*d longitude. 
Also, the sun's longitude at noon at the same place 
is different for the same days on different years, and it 
is for apparent noon that the equation is computed. 
Pot these rieasoti^, 'th6 eqiiation of time . must be 
tfomputed a-iiev^ for every ye^r: ■ - ' 

(123.) The 'two inequalities 'are sbrtJetimes sepal 
rately cohsidiered^ thyis r JF^rgt, t?ha(t arising froiti the 
obliquity of the ecjiptic. Letthe suii arid the'imagi- 
nary stisii' set off together fc&tn h\ aiid'let us now assume 
LS:=Lm'j afidleteatch ifabveunifo/rmly with the nieaii 
vetocky/aindi'then they will come to S arid^ tdgether. 
Now wheh jL.S'.is greatter than 90%' the hypcMlibenuse, 
i«, is less than ikh© bas^, Lv (Trig; Art;. 1^7) j thev^ 
fere Lm is lessiithan-Z/i^ (the case represeMed by^tbe 
Figure);! the star /therefore, bei fag left beh indyebmte^ up9ft 
themeBidianfiitst^ anxi^coiiBequently trnetitne prdoed^ 
apparent. '^Buit ngfhtn L8 is less thain <90% th^ 
hypothenutev' \LS4 is greater than the basei; Lv ; tbem^ 
loore :£!^%is greater than Lv^ and m lies.onf tfaeotbet* 
side of V ; therefore the sun comes upon the meridian 
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first ; consequently apparent time precedes true. 
Hence, from equinox to tropic, apparent time pre- 
cedes true; and from tropic to equinox, true time 
precedes apparent. Secondly^ that arising from the 
unequal motion of the earth in it's orbit. Let us 
suppose the sun to mov^ about the earth, instead of the 
earth about .the sun, the eflfeet here being just the 
same, and this supposition will render the explanation 
easier. Let the sun depart from the apogee, and let 
the imaginary star set off from thence at the same time^ 
with the mean angular velocity of the sun. Now 
when the sun is at it*s greatest distance^ it's angular 
velocity it less than it's mean angular velocity. (Note 
to Art. 165), and consequently less than the velocity of 
thje star ; the star therefore getting forwarder than the 
sun, the sun comes upon the meridian first, as shown 
in Art. 120, and therefore apparent time precedes 
true ; and this will continue till the sun comes to it's 
least distance, where, having performed half it's re- 
volution^ and the star also having performed half it's 
revolution, the sun and star will coincide^ (see Art 
168). Hence, from apogee to perigee, apparent time 
preoedes true. Now the sun and star departing together 
from perigee, the sun*s velocity is greater than that 
of the star; the star therefore being lefl behind, comes 
upon the meridian first, and true time precedes appa- 
rent ; and this will continue till the sun comes to the 
apogee, where they again coincide. Hence, from 
perigee to apogee, true time precedes apparent. 

(124.) Whenever the time is computed from the 
sun's altitude, that time must be apparent time, be?- 
cause we compute it from the time when the sua 
comes to the meridian, which is noon, or Id o'clock 
apparent time,rand will dififer from the time shown by 
a well-regulated watch or dock, by the equation cf 
•time. A clock or watch may therefore be regulated 
by a good dial; for if you apply the equation, as be- 
fore directed, to the apparent time shown by the dial, 
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it will give the mean time^ or that Which the clock or 
watch ought to show. 

(125.) The eouation of time was known to, and 
made use of by, Ptolemy. Tycho employed only one 
part, that which arises from the unequal motion of the 
sun in the ecliptic^ but Kepler made use of both 
parts. He further suspected, that there was a third 
cause of the inequality of solar days, arising from the 
unequal motion of the earth about it*s axis. But the 
equation of time, as now computed, was not generally 
adopted till \Gj2^ when Flamstead published a dis- 
sertation upon it^ at the end of the works oiHorrox. 
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Chap. V. 

ON THB LENGTH OF THE YEAR, THE PRECESSION OF TBS 
EQUINOXES FROM OBSERVATION^ AND OBLIOUITY Of 
THE ECUPTIC. 

(126.) From comparing the sun*« right ascension 
every day with that of the fixed stars lying to the east 
and west, the sun is found constantly to recede from 
those on the west, and approach to those on the east ; 
hence, if s apparent annual motion is found to be from 
west to east; and the interval of time from it's leaving 
any fixed star till it returns to it again, is called a 
sidereal year, being the time in which the sun com- 
pletes it*s revolution amongst the fixed stars, or in the 
ecliptic. But the sun, after it leaves either of the 
equinoctial points, returns to it again in a less time 
than it returns to the same fixed star, land this interval 
is called a solar or tropical year, because the time 
from it's leaving one equinox till it returns to it, is the 
same as from one tropic till it comes to the same 
again. This is the year on which the return of the 
season depends. 

On the Sidereal Fear. 

(137.) To find the length of a sidereal yeaty On 
any day when the sun is at Z on the meridian, (Fig. 
page 42), take the diiference, Zm, between the sun's 
right ascension when it passes the meridian, and that 
of a fixed star, S ^ and when the sun returns to the 
same part of the heavens the next year, compare it's 
right ascension with that of the same star for two days, 
one when their difference^i b m, of right ascensions is 
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less, and tbe other when the difference, .mi is freater 
than the difierenicsi^, Zm^ before observed ; then bs\s 
the increase of the sun'^ ii^htascension in the tinae, ti 
and as the increase qfj right ascension^ maybe con- 
sidered as uniform for a small time, we have bs : bZ :: 
t : the time, T, in which the right ascension is in- 
creased from bto Z ; this time, T, therefore, added to 
the tiixi^ of the observed; right ascension at &,(giv€s the 
t^ipe when the sun is at. the same 4is<;$nc^ Ztn,'m 
rjght ascension from the star) whi^fh it was when ob- 
served at Z the year before; the interval of these times 
is ;therefore the length of a sidereal year* The best 
time for these observations is about March 25, June 
20^ Siapternber 1 7, December 20, the sun's motion in 
]:^ht a^cepsion b^ing then unifori^* Instead of ob- 
4^rvingthedifiQp^>ce of the right ascensions, yqu may 
pbsetve^ thfit pf their loiigHudes* 

If, instead of repeating the second observations the 
year afler, there be aa interval of several years, and you 
divide, the observed interval of tim^ whem thediflerence 
pf their right asceilsions' was found to be equal, by the 
number of years, you will h)ive the.length ofaisider^eal 
year mpre exactly. 

Ex. On Affril ,1, 516^9, at ok. 3'. 47", mean solar 
time, M. Picoard observed the difierence between the 
sun's longitude and thi^t of Procyon to be 3'. 8,"^. 69'. 
3&\ which is the most anciept observation . of this 
kind, the accuracy of which can be depended upoti ; see 
Hist. Celeste, par M. le Monmer, p$ge 37. • And 01^ 
April 3, 174&, M. cfe /a C^/^ foundy by taking their 
diflferepoe of loi^itudes on th^ 2d and .dd^ that at 
11^. 10'. 45'^ niean sol$ir timc^ the difference of .their 
longjitudes ; was the same as at the firtf phseryationl 
Nowas thesqn's reyolution was,ki5^w^ to be n?early 
3^5 dayis^ it is manifest that it had made <S($yjenty-six 
complete revolutions, in respect to'thesaiaiet fixed star, 
itt the space of 76 years id. llh, 6'. §9'^ .Now in 
these 70 yeiirS) there were 58 of 36^ day4 a|:id.:lQ bis- 
sextiles ^f 3^6. days; tbat interval th^fore contains 
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a77i9d. Uk.ff. 58^; which being divided by 76, the 
quotient is sGbd. 6h. S\ 47". the length of a sidereal 
year. From the most accurate observations, the length 
of a sidereal year is found to be 365d. 6h. 6\ lV\5. 

On the Tropical Year. 

(1 28.) Observe the pieridian altitude, a, of the sun 
on the day nearest to the equinox ; then the next.year 
take it s meridian altitude on two following days, one 
when it's altitude, m, is less than a, and the next when 
it*s altitude, n, is greater than a, then n- m is the in- 
crease of the sun's declination in 34 hours ; ialso, when 
the declination has increased by the quantity a--m^ 
from the time when the meridian altitude m, was ob- 
served, the declination will then become a; and as we 
may consider the increase of declination to be uniform 
for a day, we have n-^m : a— m :: 34 hours : the in- 
terval from the t;ime when the sun was on the meridian 
on the first of the two days, till the sun has the same 
declination a, asat the observation the year before ; and 
this time, added to the time when the sun*s altitude m 
was observed, gives the time when the sun's place in 
the ecliptic had the same situation in respect to the 
equinoctial points, which it had at the time of the ob- 
servation the preceding year ; and the interval of these 
times is the length of a tropical yean 

If instead of repeating the second observation the 
next year, there be an interval of several years, and you 
divide the interval between the times when the decli- 
nation was found to be the same, by the number of 
years, you will get the tropical year more exactly. 

Ex. M. Cassini informsus, that on March 30, 1673, 
his fathei' observed the meridian altitude of the sun's 
upper limb at the Royal Obervatory at Paris, to be 
41^ 43'; and on Mardb 30, 1716, he himself observed 
the meridian altitude of the upper limb to be 41^.37^. 
icy'; and on the 3l9t tp be 41^ 51': therefore the 
diiSference of the two latter akitudey was S3'. 60^> and 
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of the two fbraier 16',50''; hence, 33'. 50'.: 15'. 50** 
:: 24 hours : I5h. b&. 39" ; therefore, on March 20, 
1716) at 15A. 56'. 39", the sun's declination was the 
same as on March 20, 1 672. Now the interval 
between these two observations was 44 years, of which 
34 consisted of 365 days each, and 10 of 366; there- 
fore the interval in days was 16070 ; hence, the whole 
interval between the equal declinations was 16070 
days 15 A. 66'. 39", which divided by 44, gives 366d. 
bit. 49'. O". 63'", the length of a tropical year from 
these observations. From the best observations, the 
length of a tropical year is found to be 3Qbd. &h. 
48'. 48". 

Ta^Jind the Precession of the Equinoxes from 

Observation. 

(129.) The sun returning to the equinox every 
year before it returns to the same point in the heavens, 
shows that the equinoctial points have a retrograde 
motion, and this arises from the motion of the 
equator, which is caused by the attraction of the sun 
and moon upon the earth, in consequence, of it's 
spheroidical figure. The effect of this is, that the 
longitude of the stars must constantly increase ; and 
by comparing the longitude of the same stars at dif- 
ferent times, the motion of the equinoctial points, or 
the precession of the equinoxes, may be found. 

(130.) Hipparchus was the first person who ob- 
served this motion, by comparing his own observations 
trith those which Titnocharis made 165 years before. 
From th\^ he judged the motion to be one degree in 
about 100 years; but he doubted whether the observa- 
tions of Thnocharis were accurate enough to deduce 
any conclusion to be depended upon. In the year 
128 before J. C. he found the longitude of Virgin^ s 
Spike to be 5*. 24^ ; and in the year 1750 its longi- 
tude was found to be 6*. 20*. 1', the difference of 



6l THE ANOMALUTIC Y1AR« 

which is 26^ 2l\ In the same year he found the 
longitude of the Lyon^s Heart to be 3*. 29^. 50' ; and 
in 1750 it was 4\ 2&*. 2\', the difierence of which is 
26^. 31^ The mean of these two gives 26^. 2& for 
the increase of longitude in 1878 years, or 50'\ 40^'^. in 
a year for the precession* By comparing the obeerva* 
tions of AlbategniuSy in the year 878, with those 
ipiade in 1738, the precession appears to be 51^. 9^^ 
Fxom a comparison of I& observations of Tychoy with 
as many made by M. de la Caille, the precession is 
found to be 50''. 20'^ But M. de la Lande, from the 
observations of M. de la CaUle, compared wiUi those 
in Flamst end's Catalogue, determines the secular pre* 
cession to be 1^ 23'. 46", or 50", 25 in a year. 

(131.) The precession being given, and also the 
length of a tropical year, the length of a sidereal year 
may be found by this proportion ; 36o® - 50",25 : 
36o\ :: 365d.5h. 48'. 48" : 36&d. 6h. ^. ll"ithe 
length of the sidereal year. 

On the Anomalistic Year. 

(132.) The year, called the anomalistic year, is 
sometimes used by astronomers, and is the time from 
the sun's leaving its apogee, till it returns to it. Now 
the orogressive motion of theapogeein ayear is 1 1",75, 
ana hence, the anomalistic must be longer than the 
sidereal year, by the time the sun takes in moving over 
1 1",75 of longitude at it's apogee; but when the sun 
is in it's apogee, it's motion in longitude is 58'. 13" in 
24 hours;, hence, 58'. 13": lt",75 :: 24 hours : 4'. 
6Q"|, which added to 365rf. 6h. 9'. 1 1 1", gives 365rf. 
6d. 14'. 2"^ the length of the anomalistic year. 
M. dela Lande determined this motion of the apogee, 
from the observations of M. de la Hire and those of 
Dr. Mashelyne^ Camni made it the same. 
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On the Obliquity of the Ecliptic. 

(133.) The method used by astronomers to deter* 
mine the obliquity of the ediptic, is that explained in* 
Art. 86, by taking hatf the difference of the greatest 
and least meridian altitudes of the sun. The folloVv^ 
ing is the obliquity^ as determined by the different 
astronomers.' 

Eratosthenes 230 years before J. C. 
Hipparchus 140 years before «/. C 
Ptolemy 1 40 years after J. C^ - 
Pa/joii^ in the year 390 - - - 
AlhategniiLS in 880 - • - - 
Arzdchel in 1070 . - . - - 
Prophatius in 1300 - - - - 
Regiomontanus in 1460 - - . 
IValthenAS in 1490 - - - - 
Copernicus in 1600 - - - - 

Tycho in 1587 

Cassini (the Father) in 1656 - 
Cassini (the Son) in 1672 - - 
Flams fead in 1690 « . - - 
De la Caille in 1750 . . - . 
Dr. Bradley in 1750 .... 
Mayer in 1750 - . . . - 
Dr. Maskelyne in 1769 - • • 
M. de la Lande in 1768 - - * 

The observations of Albategnius, an Arabian, are 
here corrected for refraction. Those of fFaltherus, 
M. de Caille computed. The obliquity by Tycho is 
here put down as correctly computed from his obser- 
vations. Also, the obliquity, as determined by Flam' 
stead, is corrected for the nutation of the earth's axis. 
These corrections M. de la Lande applied. 

(134.) It is manifest, from the above observations, 
that the obliquity of the ecliptic continually decreases ; 
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and the irregularity which here appears in the diminu. 
tion, we may ascribe to the inaccuracy of the observa- 
tions, as we know that they are subject to greater 
errors than the irr^ularity of this variation. If we 
compare the first and last observations^ they give a 
diminution of *J^' in 160 years. If we compare the 
last with that of Tycho, it gives 4b'\ The last, com* 
pared with that of Flamstead, gives 50^. If we com^ 
pare that of Dr. Maskefyne with Dr. BraOeifs and 
Mayer^Sj it gives 50"'. The comparison of Dr. 
Maskelyne^s determination, with that oi ^l. de la 
LandCy which he took as the mean of several results, 
gives 50"'. We may therefore state the secular diminu- 
tion of the obliquity of the ecliptic, at this time, to be 
50^', as determined from the most accurate observations. 
This result agrees very well with that deduced from 
theory. 
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Chap. VL 

ON PARALLAX. 

(135.) The center of the earth describes that circle in 
the heavens which is called the ecliptic ; but as the 
same object would appear in different positions in 
respect to this circle^ when seen from the center and 
surface^ astronomers always reduce their observations 
to what they would have been, if they had been made 
at the center of the earth, in consequence of which, the 
places of the heavenly bodies are computed as seen 
from the ecliptic, and it becomes a fixed plane for that 
purpose, on whatever part of the earth's surface the 
observations are made« 

(136.) Let C be the center of the earth, A the place 
of the spectator on it's surface, S any object, ZH the 
sphere of the fixed stars, to which the places of all the 
bodies in our system are referred ; Z the zenith, ^the 
horizon ; draw CSm, ASn^ and m is the place of S 
seen from the center, and n from the surface. Now 
the plane iSL^C passing through the centerof the earth, 
must be perpendicular to it's surface, and consequently 
it will pass through the zenith Z ; and the points, m, 
n, lying in the same plane, the arc of parallax, mn, 
must lie in a circle perpendicular to the horizon ; and 
hence, the azimuth is not afifected, if the earth be a 
sphere. Now the parallax, mn, is measured by« the 
angle m^w, or ASC, and (Trig. Art. 128) CS : CA 
:: sin. SACy or sin. SAZ, : sin. ^^Cthe parallaxs 

CA X sin. 8AZ a r^ jt * ± j. • xi. 

Jy!l . As CA IS constant, supposing the 

earth to be a sphere, the sine of the parallax varies as 
the sine of the apparent zenith distance directly, and 

£ 
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the distance of the body from the center of the earth 
inversely. Hence, a body in the zenith has no pa- 
rallax, and at s in the horizon ft is the greatest. And 




if the object be at an indefinitely great distance, it has 
no parallax ; hence, the apparent places of the fixed 
stars are not altered by it. As n is the apparent place, 
and m is called the true place, the parallax depresses 
an object in a vertical circle. For different altitudes 
of the same body, the parallax varies as the sine, s, of 
the apparent zenith distance; therefore, if/i=:the hori- 
zontal parallax, and radius be unity, we have lis :: p : 
pSy the sine of the parallax. To ascertain, therefore, 
the parallax at all altitudes, we must first find it ai 
some given altitude. 

(137.) first method, for the sun. Aristarckus 
proposed to find the sun's parallax, by observing it*s 
elongation from the moon at the instant it is dichoto- 
mized, at which time the angle at the moon is a right 
angle ; therefore we may find the angle which the 
distance of the moon subtends at the sun ; which, di- 
minished in the ratio of thq moon's distance from the 
earth's center to the radius of the earth, wouM give 
the sun's horizontal parallax. But a very small error 
in the tim)e when the moon is dichotomized (and it is 
impossible to be very accurate in this), will make so 
very great an error in the sun's parallax, that nothing 
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can be deduced from it to be depended upon. Fen- 
delitms determined the angle of elongation when 
the moon was dichotoinized, to be 89*. 45', from which 
the sun's parallax was fotind to be 13". But P. RiccioH 
fourld it to be 28" or Stf' from like observations. 

(153.) i&cowrf method. Hipparchus proposed to 
find the 8un*s parallax from a lunar eclipse, by the 
following method. Let S be the sun, E the earth, Ev 
the length of it's shadow, mr the path of the moon in 
a central eqlipse. Observe the length of this eclipse, 
apd then, from knowing the periodic time of the moon, 
the angle mEr, isind consequently the half of that 
angle, or nEr^ will be known. Now the horizontal 
parallax, ErS, of the moon being known, we have 
the angle Evr = ErB — nEr; hence, we know EAB^ 




—4ES- Evr=AES- ErB+nEr\ that is, the sun's 
horizontal parallax = the apparent semidiameterof the 
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* SuppJy the line AE. 
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sua «- the horizontal parallax of the moon + the semi^ 
diameter of the earth's shadow where the moon passes 
through it. The objection to this method^ is, the great 
difficulty of determining the angle nEr, with suffi- 
cient accuracy; for any error in that angle will make 
the same error in the sun*s parallax, the other quanti- 
ties remaining the same. By this method, Ptolerm/ 
made the sun's horizontal parallax 2\ bO". I\/cho 
made it 3'. 

(139.) Third method, for the moon. Take the 
meridian altitudes of the moon, whien it is at it*s 
greatest north and south latitudes, and correct them, 
for refraction; then the difference of the altitudes, 
thus corrected, would be equal to the sum of the two 
latitudes of the moon, if there were no parallax ; con- 
sequently the difference between the sum of the two 
latitudes and the difierence of the altitudes, will be the 
difference between the parallaxes at the two alti* 
tudes. Now, to find from thence the parallax itself, 
let S, s, be the sines of die greatest and least apparent 
zenith distances, P, p^ the sines of the corresponding 
parallaxes; then as, when the distance is given, the 
parallax varies (136) as the sine of the zenith dis tance, 

S : s II P : p; hence, Ss : s :: P - j) : p=z — « — ^ 

the parallax at the greatest altitude. This supposes 
that the moon is at the same distance in both cases ; 
but as this will not necessarily happen, we must cor- 
rect one of the observations, in order to reduce it to 
what it would have been, had the distance been the 
same, the paralhx at the same altitude being inversely 
as the distance ( 136). If the observations be made in 
those places where the mok>n passes through the zenith 
of one of the observers, the difference between the 
sum of the two latitudes and the zenith distance at 
the other observation, will be the parallax at that 
altitude. 

(140.) Fourth method. Let a body, P, be observed 
from two places, A, B, in the same meridian^ theu 
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the whole anrie APB, is the sum of the two parallaxes 
of the two places. The parallax (136) JPC^hor. 
par. X sim PAL^ taking A PC for sin. APC, 




and the par allax BPC^ hor. jnxr. x sin PBM; hence^ 

hor. par. x 9inPAL+sin.PBM:=zAPB, /. hor. par. 
=s APB divided by the sum of these two sines. If the 
two plaoes be not in the same meridian, it does not 
signify, provided we know how much the altitude 
varies from the change of declination of the body in the 
interval of the passages over the meridians of the two 
observers. 

Ex. On Oct 5t 1751^ M. de la Caille, at the 
Cape of Good Hope, observed Mars to be l'. 26",8 
below the parallel of X in Aquarius, and at 25^ distance 
from the zenith. On the same day, at Stockholm, 
Mars was observed to be 1'. 57",7 below the parallel 
of X, and at 68^ 14' zenith distance. Hence, the 
angle APB is 31'^9, and the sines of the zenith dis- 
tances beingO,4226and 0,9287, the horizontal parallax 
was 23'',6. Hence, if the ratio of the distance of the 
earth from Mars to it's distance from the sun be found, 
we shall have the siin's horizontal parallax, the hori* 
zontal parallaxes being inversely as their distances from 
the earth (136). 

(141.) fifth method. Let £Q be the equator, 
P if s pole, Z the zenith, v the true place of the 
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body^ and r the apparent place, as depressed by paral-^ 
lax in the vertical circle ZK^ and draw the secondaries^ 




Pva^ Prh ; then ah is the parallax Ir right ascension^ 
and r ^ in declination* Now/ " 

vr ivs V. I (rad^) : sin. vr^^ or ZvP (Trig. Art.125) 

vs : ab :: cos. va : 1 (rad.) Art. I3« 

.-. vr \ ab i: cos. va : sin. ZvP ; . 

therdtore aft s= -.. : but a;r?=^r. par. x , 

cos. IMl 

mn.vZ (136), and (Trig. Art. 331) sin. vZ : sin. ZP 

:: sin. ZPv : sin. Zt;P=:«^"-^^>^«^^^^^ ; there- 

sm. vZ 

foi^,hy substitution,aJ = hor.par.xsin.ZPxsm.ZPv 

cos. va 
Hence, for the same star, wher^the hor. ^ar. is giveil, 
t^C parallax in right ascension varies as the sine of the 

hour ancle. Also, the Aor.»flr. = r-5 — h^^k — . ■ ^^ - 
^ . sin. ZP X sin. ZPv 

For the eastern hemisphere, the apparent place 6, lies 
on the equator to the east of a, the tr^e place^ and 
therefore the right ascension is increased by parallax ;. 
but in the western hemisphere,, b lies to the west of a, 
and therefore the right ascension is diminished. Hence, 
if the right ascension be taken before and after the. 
meridian, the whole change of parallax in right ascen- 
sion between the two obsemitions, is the sum (s) of 
the two parts before and after the meridian, and the 
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nor. par.=:-. — w^ — ^^ where &s^sum of the sines 

of the two hour angks. On the meridian there is 

11 : -^i. • r t vr X sin. ZvP 
no paraUax m fight ascension^ for a6=: ^ ^-^ 

• ' cos. t^tf ' 

where the angle ZvP, and consequently it's sine, 
vanishes. 

(142.) To apply this rule, observe the right ascen- 
sion of the planet wh^n it passes the meridian, cotnpar- 
ed with that of a fixed star, at which time there is no 
parallax in right ascension '; about 6 hours after, take 
the difference of their right ascensions agaiil, and ob- 
serve how much the difference^ rf, between the ajypa- 
rent right ascensions of the planet and fixed Star has 
changed in that time. Next, observe the right asceti- 
sion of the planet for 3 or 4 days when it passes the 
meridian, in order to get it's true motion in right 
ascension; then, if it's motion in right ascension in the 
above interval of time, between the taking of the right 
ascensions of the fixed star and planet on and off the 
meridian, beequal to d, the planet has no parallax in right 
ascension; but if it be not equal to d, the difference is 
the parallax in right ascension ; and hence, by the last 
article the horizontal parallax will be known. Or one 
observation may be made before the planet comes to 
the meridian, and one after, by which a greater diflfer- 
ence will be obtained. 

Ex. On Aug. 15, 1719* Mars was very near a star 
of the 5 th magnitude in the eastern shoulder of Aqua- 
rius, and at gh. 18' ^n the evening. Mars followed the 
star in 10\ 17", japd on the l6th, at 4h. 21' in the 
morning, it followed it in 10'. 1", therefore, in that 
interval, the apparent right ascension . of Mars had 
increased 1 6" in tinie. But, accorcftngto observations 
made in the meridian for several days after, it appeared 
that Mars approached the star op ty 14" i»that time, 
from iff motion; therefore 2" in time, or 30'^ in motion, 
is the. effect of parallax in the interval of the ob- 
servations. Now the declination of Mars was 15% 
the co-latitude 41*. 16', and the two hour angles 
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49^ 15'^ and 56*. 39'; therefore the hor. par.ss 

8in.41^ 10' X «in.49M5' + sin. 66^39'"^^* * ^ 
at that time^ the distance of the earth from Mars was 
to it*s distance from the sun, as 3/ to 100, and there- 
fore the sun's horizontal parallax comes, out 10'', 17. 

(143.) But, besides the effect of parallax in right 
ascension and declination, it is manifest that the latitude 
and longitude of the moon and planets must also be 
afiectedbyit; and as the determination of this, in respect 
to the moon, is in many cases, particularly in solar 
eclipses, of great importance, we snail proceed to show 
how to compute it, supposing that we have given the 
latitude of the place, the time, and consequently the 
sun s right ascension, the moon*s true latitude and lon- 
gitude, with her horizontal parallax. 

(144.) Let HZR be the meridian, y EQ, the 
equator^ p it^s pole; y C the ecliptic, P it*s pole ; v 




the first point of Aries, HQR the horizon, Z the zenith, 
ZLb, secondary to the horizon passing through the true 
place r, and aparent place t, of the moon ; draw Pt, Pr, 
which produce to Sy drawing the small circle ts, parallel 
to or ; then rs is the parallax in latitude^ and ov the 

?irallax in hngittuie. Draw the great circles, t P» 
ZABy Ppde, ^nd ZfF^ perpendicular to pe ; then, 
as Y' P=90®, and f |i=90% y^ must (4) be the pole 
of Pp de, and therefore df = 90*^ ; consequently d is 
one of the solstitial points, «s or yj* ; also, draw Zrper- 
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pendicalar to Pr, and join ZffyPf* Now v E, or tbe 
angle cf pE, or Zp ^ , is the right ascension of the 
mid-heaven, which is koown; PZssAB (because 
j4Z is the complement of both) the altitude of tbe 
highest pointy A, of the ecliptic above the horizon, 
called the nonagesimal degree^ and r A, or the angle 
Y Pj4, is if s longitude; also, Zp is the co-latitude of 
the place, and the angle Zp fV is the difference be* 
tween the right ascension of the mid-heaven tP E, 
and y e. Now, in the right-angled triangle Zp W^ 
(Trig. Art. 212) rad. x^cos* p^Xxa^pW x cxA.pZ\ 
therefore, 

log. tan. p1F=\0,+Iog. cos.p'^hg. cot. pZ, (Trig. Art. 21S); 

hence, PfV^pJVi^pP^ where the upper sign takes 
place when^the right ascension of the mid-heaven is 
less than 180^, aiid the lower sign, when greater. 
Also, in the triangles WZp, WZPy we have (Trig. 
Art. 231) sm. Wp : sin. WP :: tan. WPZ : tan. 
Wp% :: (Trig. Art. 82) cot. WpZ : cot. JVPZ, or, 
tan. AP^ ; therefore (Trig. Art. 49), 

Log.tan. APT^ttr, co. lo. tin. Wp-^-log. nn.WP+lo.cot. WpZ^ 10; 

and as we know v o, or v Po, the true longitude of the 
moon, we know APo^ or ZPx. Also, in the triangle 
IFPZ, we have (Trig. Art. 219) cos. fTPZ, or sin. 
AP<r 9 * rad. :: tan. fFP : tan. ZPi therefore. 
Log. tan. ZP^ 10, -|- log. tan. fFP - log. sin. APtf . 

Again, in the triangle ZPr, we know ZP, Pr^ and 
the angle, P, from which the angle ZrP, or t rs, may , ^ 
be thus found. In the right-angled triangle ZPxj we 
know ZP, and the angle P; hence, (Trig. Art. 212) 
rad. X COS. ZPx = cot. JPZ x tan. Px ; therefore. 

Log. tan, Px=10, ^-cos. ZPx-^log. cot. PZ; 

therefore we know rx ; hence, (Trig. Art. 231) sin. 
rx : sin. Px :: tan. ZPx : tan. Zrx^ or trs; there- 
fore, 

Lc^» tan. 2rs=ar. eo. log. tin. rx-^-lc^g. sin. Px+log. tan.ZPx-^ 10; 

also, in the right-angled triangle Zrx^ we have (Trig. 
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Art. 212) rad. x cos. Zrx^ cot. JZrxt^tu r^; there- 
fore. 

Log. cot. Zr= 10, +fog^. COS. Zrx-^log. tan. rx. 
With this triAc zenith distance Zr^ find (136) the 
parallax, as if it were the apparent zenith distance, 
and it will give yon the true parallax nearly ; add this 
therefore to the true zenith distance, and you will get 
nearly the apparent zenith distance, to which com- 
pute again (136) the parallax, and thus you will get 
the true parallax, rf, extremely nearly; then, in the 
right-angled triangle rst, which may be considered as 
plane, we have (Trig. Art. 125) rad. : cos. r :: rt : rs, 
the parallax in latitude ; therefore, 
log. rs^log. rt + log. cos.T-rlOy^og. par. latitude. 
Also, rad. : sin. r :; r/ :- tsi therefore, • 
log. ts. = log. rt 4- log. sin.'Y-i^ 10 ; 

Hence, (13) cos.' ft; : rad/ :: ts : ov^ the parallax in 
longitude, 'y therefore, ' r 

hg. ov = 1 0, + log. ts — hg. cos. tv = log. par. longitude. 

Ex. On January I, 1771> at Qh. apparent time,, in 
lat. 63^ N. the moon's true longitude was 3'. 18^. 27'.^ 
3b'% and latitude 4^ 5\ 30" S. and it's horizontal 
parallax 6\\ Q" ; to fine} its parallax in latitude and 
lon&:itude. 

The sun's right ascension was^ 282^. 2S\ 2" by the 
Tables, and its distance from the meridian 135^; 
also, the right ascension <^ E, of the midrheaven, was 
67^. 22^. 2" ; hence, the whole operation for the solu- 
tion of the triangles will stand thus : 

^ CZpfF =32^ 37'. 58" - 10, + COS. 19.9263864 
J^jZp =37. 0. 0. - '- cot. 10.1228866 

.^S) - 

^ Ipff^ =32. 23. 57 - - tan. 9.8026OO8 
Pp =23. 28. O 
PPF =55. 51. 67 



r 



^pfF =32*. 23'. 57" - ar. CO. sin. 0.2jro985^ 

\PfF =i55'. 51. 57 - - - sin. 9.9178865 

^-(Zpfr =^32. 37. 68 - - - cot. 10.1935941 

•£^JPr =67. 29. 8 - - - tan. 10.3824661 

^ 1 

oPr s=l08. 27. 36 . M 



oPA^ 40. 58. 27 

^ C*PP =a56. 51. 57 - 10,+tan. a0.l68821O 

8 - - sin. 9,^55700 



g CirP =*56. 51. 

g J^Pr «67.,29. 

g KZP =:67. 66 



66v 36 - - - tan. 10.2032510 



> eZPx =40. 58. 27 - 10, + COS. r9,8779500 
5 yZP =57. 56. 36 - - - cot. 9.79167445 



t\ 



wmt^ 



Px =50.19.33 - - - tanv"l0:081265'5 

* ■ I H f • 

Pr s:94. 5. 30 

8 rx =43. 45. 47 - ar.co. sin. O.I6O0743 
H,lPj? =»50; 19.33 - - - sin. 9:8863144- . 
l,JZi>x =40. 58. 27 - - - tan. 9.9387676* 

§i^Zrx =44. 1.16 - - -tan. 9.9851563 

II 

=s44. 1. 16 - 10,-|-co8. 19.8567795 
ss43. 45: 67 . - - - tan. 9.9812846 
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= 63. 6.10 - - - cot. 9.6754949^ 



<^ I im * ■■< 



Zr =63. 6. 10 - - -sin 9.9029362 
Hor. par. =61'. 9"=3669'' - log. 3.6645477' 

■ r I I . 

rt uncorrected = 2934" =48'.84'Tog. 3.4674839' 



- • " ^- 



App.zenidistiZ^es 63*.55'.4'' nearly,sin.9,'9075042 
Hor. par. =61'. 9''=3669*' - log. 3.664647? 
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Par. n cor. ^ 2966" 5=49'. 35" log. 3.4^305 19 
trs^ 44''. I'. 16" - - - - co». 9.8567795 

^ t»**par. in /a#. = 3133"=36'. 33" log. 3^388314 

r/ cor. = 2965" log. 3.4720519 

/r*=44°. 1'. 16" - - - - sin. 9.8419369 

fa=s306l"=34'. 31" - - - log. 3.3139888 
True lat. ro=4°. 5'. 30" 
App.lat:^l;=n>+r*=4^41^3" cos. 9.9985473 

fo=306l" 10,+log. 133139888 

00 fa.r.itilong.=2067"=34', 37" log. 3.3154416 

The value of tv is ro — or +rtf, according as the 
moon has N^ or S. latitude. 

The order of the signs being froin West to East^ 
irom A towards C is eastward, and from ^ towards cy> 
is westward ; now the parallax depressing the body 
from r to t, increases the longitude from o to t; ; but 
if the point o had been on the other side of ^, 6v would 
have lain the contrary way ; hence, when the body is 
to the East of the nonagesimal degree, the parallax 
increases the longitude ; and wh^n it is to the fFest, 
it diminishes the longitude. 

(145.) According' to the Tables of Mayer^ the 
greatest parallax of the moon (or when she is in her 
perigee and in opposition) is 6l'. 32"'; the least 
parallax (or when in her.apo^e and conjunction) is 
53'« b2"y in the latitude of Paris; the arithmetical mean 
of these is bf. A2"\ but this is not the parallax at the 
mean distance, because the parallax varies inversely as 
the distance, and therefore the parallax at the mean 
distance is 57'- ^^\ an harmonic mean between the 
two. M. de Lambre re-calculated the parallax from 
the same observations from which Mayer calculated it, 
and found it did not exactly agree with Mayer 4* He 
made the equatorial parallax bf. 11^4. M. de la 
Lande makes it57\ 5'' ^^ the equator^ 5&. 53^2 at thia 
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pole, and SJ\ l" for the mean radius of the earthy sup. 
posing the difference of the equatorial and polar 

diameters to be — -* of the whole. From the formula 

300 

of Mayer, the equatorial parallax is. 57'* 1 1''>4. 

( 1 4o.) To find the mean distance^ Cs, of the moon^ 

we have AC, the mean radius (r) of the earth, : Cb, 




the mean distance (D) of the moon from the earth, :: 
sin. 67'. l"=j#yC(146) : radius :: 1 :6o,3; conse- 
quently Z>=6o,3r; but r=s3964 miles; hence^ D=s 
239039 miles. 

(147.) According toM.de la Lande, the horizontal 
semidiameter of the moon : it's horizontal parallax for 
the mean radius (r) of the earth :: 15' : 54'. 57",4, or 
veiy nearly as~3. : 11; hence, the semidiameter of the 
moon is ^ r =5 -^ X 3964= 1081 miles ; and as the 
ms^nltude of spherical bodies are as the cubes of their 
radii^ we have the magnitudes of the moon and earth 
m3^ : 1 1^ or as 1 : 49 nearly. 
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Chap. VI. 

ON .REFRAdTION. 

I 

(148.) When a ray of light passes out of a vacuum 
into any medium, or out of any medium into one of 
greater density, it is found to deviate from it's rectilinear 
course towards a perpendicular to the surface of the 
medium into which it enters. Hence, light passing 
out of a vacuum into the atmosphere will, where it 
enters, be bent towards a radius drawn to the earth's 
center, the top of the atmosphere being supposed to be 
spherical and concentric with the center of the earth ; 
and as, in approaching the earth's surface, the density 
of the atmosphere continually increases, the rays of 
light, as they descend, are constantly entering into a 
denser medium, and therefore the course of the rays 
will continually deviate from a right line, and describe 
a curve ; hence, at the surface of the earth, the rays of 
light enter the eye of the spectator in a difierent direc- 
tion from that in which they would have entered, if 
there had been no atmosphere; consequently the ap- 
parent place of the body from which the light comes, 
must be different from the true place. Also, the re- 
fracted ray must move in a plane perpendicular to the 
surface of tlie earth ; for, conceiving a ray to come in ' 
that plane before it is refracted, then the refraction 
being always in that plane, the ray must continue to 
move in that plane. Hence, the refraction is always 
in a vertical circle.- The ancients were not unac- 
quainted with this effect. Ptolemy mentions a dif* 
ference in the rising and setting of the stars in different 
states of the atmosphere; he makes, however, no 
j^Uowance for it in his computations from his observa- 
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tions; this connections therefore, mu&t be applied^ 
where -great accuracy is mquired/ Archimedes ob« 
served the saine in water, and thought the quantity of 
refraction was in proportion to the angle of incidence. 
Alhaxen, an Arabian optician, in the eleventh century^ 
by observing the distance of a cirbumpolar star from 
the poie^ both above and below^ found them to be 
different, and such as ought to arise from refractionr. 
Snellius, who first observed the relation between the 
angles of incidence and refraction, says, that fFaltherus, 
in bis computation, allowed for refraction; but Tk/chiB 
was the first person who constructed a table for that 
purpose which, however, vwis very incorrect, asf he 
suppos^ the. refraction at 45^ to be nothing; About 
the year j66o^ Cassini published a new table of refrac- 
tions, much more correct than that of Tt/cho ; and, 
isince his time, ast^ononiers have employed much at* 
tention in constructing more correct tables, the nicetiea 
of modern astronomy requiring their utmost accuracy. 

To find the quantity of refraction. 

(149.) first method. Take the altitude of the sun, 
or a star whose right ascension and declinatioa are 
known, and note the time by the clock ; observe also 
the tin^e^ ^f their transits over the meridian^ and that 
interval gives the hour angle. Now, in the triangle 




PZx, we know PZ and Px, the complements of lati- 
tude and declination, and the angle xPZ, to iind the 
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side Zx (93), the complement of which is the true 
altitude, the difference between which and the 6b* 
served altitude, is the refraction at that altitude* 

Ex. On May 1, 1738, at bh. 2Qf in the morning, 
Cassim observed the altitude of the sun s center at 
Paris to be 5^. O". 14'', and the sun passed the meridian 
at I2h. 0\ Qf\ to find the refiraction, the latitude being 
48^ 50'. 10'', and the declination was 15°. {/. 25". 
The sun's distance from the meridian was 6h. 40^, 
which gives 100"* for the hour angle xPZ; also, PZ 
SZ4V. ^. 50", and Pa?=74*. 59'. 35''; hence, (Trig. 
Art. 233) Zx=8&^. 10'. 8", consequently the true alti- 
lude was 4"". 49'. 52". Now to 5^ O'. 14", the appa- 
rent altitude, add 9^ for the parallax, and we have 
5°. O'. 23"^ the apparent altitude corrected for parallax ; 
hence, 5^ (Jf. 23" -4^49'. 52"= 10. 31", the refrac- 
tion at the apparent altitude 5^ O'. 14". 
. (150.) Second method. Take the greatest and least 
altitudes of a circumpolar star which passes through, 
or very near, the zenith, when it passes the meridian 
above the pole ; then the refraction being nothing in 
the zenith, we shall have the true distance of the star 
from the pole at that observation, the altitude of the 
pole above the horizoh, being previously determined ; 
but when the star passes the meridian under the pole, 
we shall have if s distance affected by refraction, and 
the difference of the two observed distances, above and 
below the pole, gives the refraction at the apparent 
altitude below the pole. 

Ex. M. de la Caille, at Paris, observed a star to 
pass the meridian within 6' of the zenith, and conse- 
quently, at the distance of 41^. 4' fitim the pole ; 
hence, it must pass the meridian under the pole at the 
same distance, or at the altitude 7^* ^^6'; but the ob* 
served altitude^t that time was 7^. 52'. 25" ; hence, 
the refraction was 6\ 25" at that apparent altitude. 

(151.) Let CAn be the angle of incidence, CAm the 
angle of refraction, and consequently mAn the quan- 
tity of refraction ; let TC be the tangent of Cm, mv 
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ks sine, nw th^ sine of (M^ apd dravir rm parallel to 
vw; then, as the refraet^on of air is very small, we 




may consider mrn as a i^6tiKtiear triangle; and 

hence, by similar triangles, Jit) :^ Am ii rn : fnn =^ 

Amxrn . ^ , ^ ;•' ' • . - . 

• — J ; but Am is conlstant, andibs the ratio {<»ri»9 

to nw is constant by the laws of refractiph^ thfeir. dif- 
ference, rn, must vary ^s mvi hence, mn varies as 
f^v jdm X mv ' • ' . ^1^ 

•^ ; but CT= — ^ , which varies as -^ , be- 
cause Am, is constant ; hence, therefracti<>Q, mn^ varies 
as C7^ the tangent of the apparent zenith distance of 
the star, because the angle of refraction, CAniy is the 
angle between the refracted ray and the perpendicular 
to the surface of the medium, which perpendicular is 
directed to the zenith. Whilst, thereforCj^the refrac- 
tion is very small, so that rmn may be considered as 
a rectilinear triangle, this rule will be sufficiently 
accurate *. 

(153.) The twihght in the morning and evening, 
arises both from the reiraction and reflection of the 
8ttn*s rays by the atmosphere. 

It is probable that the reflection arises principally 
from the exhalations of various kinds with which the 
lower parts of the atmosphere are charged ; for the 
twilight lasts till the sun is further below the horizon 
in the evening, than it is in the morning when it 



*. For further information on this subject^ aea my ComflcU 
Sptem of Aiironomy. 
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begins ; and it is longer in summer than ih winter. 
Nbw^ in the firmer case^ the beat of the day has 
raised the vapours and exhalations ; and in the iattery 
they will be more elevated from the heat of the 
season ; therefore, upon supposition that the reflection 
is made by them, the twilight ought to be longer in 
the evening than in the morning, and longer in 
summer than in winter. 

(153.) Another efl^t of refraction is, that of giving 
the sun and moon an oval appearance, by the refrac- 
tion of the lower limb being greater than that of the 
upper^ whereby the vertical diameter is diminished. 
For suppose the diameter of the sun tb be 32", and the 
lower limb to touch the horizon, then the mean refrac- 
tion at that limS is 33'', but the altitude of the upper 
limb being then 33', it*s refraction is only 38'. 6", the 
difference of which is 4', 54", the quantity by which 
the vertical diameter appears shorter than that parallel 
to the horizon* When the body Is not v^ry near the 
horizon, th? refraction diminishing nearly uniformly, 
the %ure of the body is very nearly that of iin elKpse. 
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Chap. VIII. . 

ON THE $V$T£M OF THE WORLD. 

(154.) When any efiect or phaenomenon is discovered 
by experiment or observation^ it is the business of 
rhilosophy to investigate ^ it's cause. But there are 
very few, if any, enquries of this kind, where we can 
be led from the eflfect to the cause by a train of mathe- 
matical reasoning, so as to pronounce with certainty 
upon the cause. Sir /. Newton, therefore, in hi^ 
Principia, before he treats on the System of thfe 
World, has laid down the following Rules to direct v$ 
in our researches into the constitution of the universe. 

Rule I. No more causes are to be admitted, than 
what are sufficient to explain the phsenomenon. 

Rule II. Of eiffibots of the sapie kind» the same 
causes are to be assigned, as iiir 4i8 it can be done. . 

Rule III. Those qualities which are found in afi 
bodies upon which experiments can be made, an(j| 
which can neither be increased nor diminished, may 
be looked upon as belonging to all bodies. 

Rule IV. In Experimental Philosophy, prbpost^ 
tions collected from phaenomena by induction, ane tb 
be admitted «8 aidcurately, or nearly true^ untiVsome 
reaton appears t&the contrary. 

The principles, upon which the application of these 
Rules is admitted, ar^, the supposition that the operc^.- 
tions of nature ar^ performed in the most simple 
iPl^nner, and regulated by general laws. And al- 
though their application may, in maii^y cai^es, be very 
Itfxsatis&ptory, yet, iatbe instances to which we shall 
beEQ1ifj^tt(»a|^y thtm, their forceis little L^ferior to 
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that of direct demonstration, and the mind rests equalljr 
satisfied as if the matter were strictly proved. 

(155.) The diurQal motion of the heavenly bodies 
may be accounted for, either by supposing the earth 
to be at rest, and all the 'bodies daily to perform their 
revolutions in circles parallel to each other ; or by sup- 
posing the earth to revolve about one of it's diameters 
as an axis, and the bodies themselves to be fixed, in 
which case their apparent diurnal motions would be 
the same. ^ If we suppose the earth to be at rest^ all 
, the fixed stars must make a complete revolution, in 
parallel circles, every day. Now the nearest of the 
fixed stars cannot be less thaii 400CkX) times further 
Irom us than the sun is, and the sun s distance from 
^the earth is not less than 93 millions of miles. Also, 
from the discoveries which are every day making by 
the improvement of telescopes, it appears that the 
heavens .are filled with .almost an infinity of stars, to 
which the number visible to the naked eye bears no 
proportion; and whose distances are, probably, incom- 
parably greater than what we have stated above. But 
that an almost infinite niimbef of bodies, most of them 
invisible, except by the best telescopes, at almost infi- 
nite distances firom us and from each other, should 
have their motions so exactly adjusted, as to revolve in 
the same time, and in parallel circles, and all this 
without their having any central body, which is a 
j^ysical impossibility, is an h3rpothesis, \vhich, by the 
RiUes we have here laid down, is not to.be admitted^ 
when we consider, that all the phsenomena may be 
solved, simply by the rotation of the earth about one 
of it*s diameters. If therefore we had no other reason, 
we might rest satisfied that the apparent diurnal mo* 
tions of the heavenly bodies are produced by the earth's 
rotation. But we have other reasons for this supposi* 
tion. Experiments prove that all the parts of the 
earth have a gravitation towards each other. Such a 
body, therefore, the greatest part of whose surface is 
a flukl^ if it remain at rest^ must, from the equal gra- 
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vitatiori of it*s parts, forili itself into a perfect'sphere;. 
But if we suppose the earth to revolve, the parts most, 
distant from the axis must^ from their greiaiter Velocity, 
have a greater tendency to fly off, and therefore that 
diameter which is perpendicular to the 9Xii itiust be 
increased. That this must be the consequence appears 
irom taking an iron hoop, and making h revolv^ 
swiftly about one of iV& difamet^rs, and that diameter 
will be diminished; and the diameter perpendicular t6 
it will be increfased. Now it appears? from ttiensora-^ 
•tion, that the' earth is not a ' perfect spher^,^ ^t|t a 
•spheroid, havi'itg the equatoliat longer thaa itfs pofafr 
diameter. Thatf diameter theN^efore, about which^tHe 
•earth must revoflve, in order td tolve alt the phaenoihena 
of the appai*6nt revolution of the heaven))^^ bodies, it 
the shortest; and as it necessarily must be't^e shortest; 
if the earth be supposed to revdliie, this dgr^ement 
afibrds a very satisfectory prodf of the eafth*s» rotation; 
Another reason for the earth*s rotation isfrom analogy* 
The planets ate opaque and spherical bodies, like to 
our earth ; now all the plan6t9, oh which sufficient ob- 
servations have beisn made to determine the matter, 
ore found to revolve about an axis, and the equatorial 
diameters of some of them are visibly greater than their 
polar. When thiese reasons, alt upon difierent prin» 
ciples, are considered, they amount to a proof of the 
earth's rotation about it's axis, which is as satisfactory 
to the mind, as the most direct demonstration could 
be. These, however, are not all the arguments which 
might be offered ; the situations and motions of the 
bodies m our system necessarily require this motion of 
the earth. 

(156.) Besides this apparent diurnal motion, the 
sun, moon, and planets, have another motion; for 
they are observed to make a complete revolution 
amongst the .fixed stars, in difierent periods; and 
whilst they are performing these motions in respect ta 
the fixed stars, they do not always appear to move in 
the. same direction, or in that direction in which their 
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mmplete revolations are made, but Bometimes appear 
•tatioiiaiyy and sometitnes to move in a contrary direc- 
tion* . We will here briefly describe and consider the 
diflferent systems which have been invited, in order to 
solve these i^ppearances. Ptalemjf supposed the eardi 
to be perfectly at rest, and all the other bodies, that is, 
the sun, moon, planets, comets and fixed stats, to re- 
volve about it every day; but thait, besides this diurnal 
motion, the sun, moop, planets and comets had a mor 
tion in respect to the fixed stars, and were situated, in 
xespect to the earth, in the following order ; the Moon, 
Mercury, Venus, the Sun, Mars, Jupiter, Saturn. 
•These revolutions he first supposed to be made in 
circles about the earth, placed a little out of the center, 
in order to account for some irregularities of their 
motions; but as their retrc^rade motions and stationary 
inppearances could not thus be solved, he supposed 
them to revolve in epicycloids, in the following manner. 
Let ABC be a circle, S the center, E the earth, abed 
another. circle, whose center v is in the circumference 
of the circle ABC, Conceive the circumference of the 
circle ABC to be carried round the eartli every 
twenty-four hours, according to the order of the letters^ 







and at the same time let the center t; of the ciroie ahcd 
iiave a slow motion in the opposite direction, and let 
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.a body ravolve in this circle in the direction ahcir^ 
then it is manifest, that by the motion of the body in 
this circle^ sind the motion of thp circle itself> the body 
wiU describe such a curve as is represented by ktmbnopi 
and if we draw the tangents Elj £!m, the body would 
appear stationary at the points / and m, . and it's mo- 
tion would be retrograde through Im^ and then dSreci 
again. Now to^ make Venus and Mei^cury always 
accompany the sun, the center t; of theciTcle abcdw9i» 
supposed to be always vcjry nearly ii> a,right line. be- 
tween the. earth and the sun, but more nearly so. for 
Venus tlian for Mercury, in order to givp each it's 
proper elongation. This system, although '\% will ac* 
count for all the motions of the bodies, yet it will noj: 
solve the phases of Venus and Mercuiy ; for in thi^ 
case in both conjunctions with the sun, they pught tp 
appear dark bodies, and to lo$e their lights both ways 
from their greatest elongations ; whereas it appears 
from observation, that in one of their conjunctional 
th^ shine with full faces. This system . therefore 
cannot be true. 

(157.) The system received by the Egyptians- was 
this: That the earth is ijnmoveable in the center^ 
about which revolve in order, the Moon, Sun, Mars, 
Jupiter, and Saturn ; and about the Sun revolve Mer- 
cuiy and Venus. This jdisposition will account for the 
pihases^of Mercury and Venus, but not for the apparent 
niotions of Mars, Jupiter, and Saturn; 

. (15A.) The next system which we shall mention^ 
thoiigh< posterior in time to the true, or Copernican 
System, as it i$ usually called, is that of Tycho Brahe^ 
a Polish noUeman. He was pleaseid with the Coper* 
nican System, as'splving all the appearances in the most 
simple manner; but conceiving, from takingtheliteral 
meaning of somepassages in scripture, that it was ne- 
cessary tosuppoae the ea^th to be absolutely at rest, he 
altered the system, but kept as near to it as possible;! 
And he farther olgected to theearth^s motion, because 
\% did not, as he conceived^ affect the motions of 
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>conoret$ observed in opposition^ as it ought ; wfaereai^ 
if he had made ob$ervations on some of them^ he wottM 
have found that their motions could Dot otherwise 
hav6 been accounted for. In his system the earth is 
supposed to be immoveable in the center of the orbits 
of the sun and moon, without any rotation about an 
axis ; but he made the sun the center of the orbits of 
the other planets/ which therefore revolved with the 
sun about the earth. By this system, the different 
motions and phases of the planets may be solved, the 
latter of which could not be by the PtcAemaic System } 
and he was not obliged to retain the epicyclods, in 
order to account for their retrograde motions and 
stationary appearances. One obvious obgection to this 
system is^ the want of that simplicity by which all the 
apparent motions may be solved, and the necessity that 
all the heavenly bodies should revolve about the earth 
every day ; also, it is physically impossible that a lai^e 
body, as the sun, should revolve in a circle about a 
small body, as the earth, at rest in its center ; if one 
body be much larger than another, the center about 
which they revolve must be very near the large body; 
an argument which holds also against the Ptolemaic 
System. It appears also ftom observation, that the 
plane in which the sun must, upon this supposition^ 
diurnally mbve, passes tlirough the earth only twice in 
a year. It cannot therefore be any force in the earth 
which can retain the sun in it's orbit; for it would 
xnove iti a spiral, contiaually changing it*s jplane. In 
short, the complex manner in which all the motions 
are accounted for, and the physical impossibility of 
such motions being performed, is a sufficient reason 
for rejecting this system ; especially when we consider, 
in how simple a manner all these motions may be ac* 
counted for, and demonstrated from the common prin- 
ciples of motion. Some of Tycho*s followers, seeing 
the absurdity of supposing all the heavenly bodies 
daily to revolve about the earth, allowed a rotatory 
motion to the earth, in order to account* for their 
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diurnal motion ; and this was called the Semu 
Tychonic System ; but the objections to this system 
are in other respects^ the same. 

(159*) The system which is now universally re- 
ceived is called the Copernican. It was formerly 
taught by Pythagorasy who lived about 500 years 
before J. C, and Phil6Ums\ his disciple, maintained 
the same ; but it was afterwards rejected, till revived 
by Copernicus. Here the Sun is placed in the center 
of the system y about which the other bodies revolve in 
the following order ; Mercury, Venus, the Earth', 
Mars, Jupiter, Saturn, and the Georgian Planet, which 
was lately discovered by Dr. Herschel ; beyond which, 
at immense distances, are placed the fixed stars ; the 
moon revolves about the earth, and the earth revolves 
about an axis. This disposition of the planets solves 
all the phaenomena, and in the most simple manner. 
For from inferior to superior conjunction, Venus and 
Mercury appear, first homed, then dichotomized, and 
next gibbous ; and the contrary, from superior to infe- 
rior conjunction ; they are always retrograde in the 
inferior, and direct in their superior conjunction. 
Mars and Jupiter appear gibbous about their quadra* 
tures ; but in Saturn and the Greorgian this is not 
sensible, on account of their great distances. The 
motions of the superior planets are observed to be 
direct in their conjunction, and ' retrograde in their 
opposition. All these circumstances are such as ought 
to take place in the Copernican System. The motions 
also of tne planets are such as should take place upon 
physical principles. We may also further observe^ 
that the supposition of the earth's motion is necessary, 
in ord^ to account for a small apparent motion which 
every fixed star is found to have, and which cannot 
otherwise be accounted for. I'he harmony of the 
whole is as satisfactory a proof of the truth of this 
system, as the most direct demonstration could be; 
we shall therefore assume this system. 
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Chap. IX. 

OK KEPLER*8 DISCOVEMEB. 

(160.) Kepler was the first who discovered the 
figures of the oif)its of the planets to be ellipses, having 
the sun in one cf the £9ci ; this he determined in the 
following manner. 

(161.) Let 8 be the sun, JIf Mars, 2>, E, two places 
of the earth when Mars is in the same point M of it^s 
orbit. When the earth was at D^ h» observed the 




difference between the longitadea of the sun and 
Mars, or the angle MDS; in like manner, h^ ob- 
served the angle JlfEiS'. NowtheplficesA^^ofthe 
«arth in it's orbit being known, the distances DS^ ES, 
and the angle DSE^ will be known ; hence, in the 
triangle DSE, we know DS^ SE, ^nd the M^e DSE^ 
to find DEy and the angles SDEj SED ; hence, we 
know the angles MDE, MED, and DE, to find MD-, 
and lastly, in the triangle MDS, wb know MD, D8, 
and the angle MDS^ to find MS, the distance of 
Mars from the sun« He also found the angle MSDj 
the dififerenoe of the heliocentric longitudes of Mars 
and the earth. By this method, Kepler^ from observa- 
tions made on Mars when ia aphelion and perihelion 
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(for he had dpter mined the poBition af the line of the 
af>sides, by a method whico we shall afterwardfi ex- 
plain, independent of the form of the orbit, d^r- 
niihed the former distance from the sun to be 1 66780e, 
and the latter 138500, the ipean distance^of the earth' 
from the sun being 100000; hence, the mean distance 
of Mars was 152640^ and the excentricity of it's orbit 
14140. He then determined^ in like manner, thre^ 
otl}er distances, and found them to be 1477^0, 163100^ 
166255. He next calculated the same three distances^ 
upon supposition that the orbit was a circle, and found 
them to be 148539, 163883, l66605; the errors 
therefore of the circular hypothesis were 789 j 783, 
350. But he had too good an opinion of Tycho^s 
observations (upon which he founded all these cafcu- 
hitions)^ to suppose that these differences might arise 
from their inaccuracy ; and as the distance between 
the aphelion and perihelion was too great, upon suppo- 
sition that the orbit was a circle, he knew that the 
form of the orbit must be an oval ; Itaque plani hoc 
e^ : Orbita planetce non est dr cuius , sed ingrediens 
ad lateva utraque paulatim, iterumque ad circuit 
amplifudinem in perigceo extens^ cujusmodi Jiguram 
itineris ovalem appellitanty pag. 213*. And as, of 
ail oTals, the ellipse aj^ared to be the most simple, 
he first supposed the orbit to be an ellipse, and placed 
the tun in one of the foci ; and upon calculating the 
above observed distances, he found they agreed toge- 
ther. He did the same for other points of the orbit, 
■ml found that they all agreed ; and thus he pro- 
nounced the orbit c^ Mars to be an ellipse, having the 
tun in one of it*B foci. Having determined this for 
llie orbit of Mars, he conjectured the same to be true 
for all the other planets, and upon trial be found it 
to be ao« Hence, he conchided, That the six primmy 
planets revolve ab&ui the sun im eilipsesy having the 
sun in one of the foci. 

# See fats Work, Be Motibus SielUt Martis. 
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The relative mean distances of the planets fVom the 
sun are as follows: Mercury, SS^IO; Venus, 7^33^ ; 
Earth, 100000; Mars, 152369; Jupiter, 5202^9; 
Saturn, 954072; Geoi^an, 1918352. 

(162.) Having thus discovered the relative mean 
distances of the planets from the sun, and knowing 
their periodic times, he next endeavoured to find if 
there was any relation between them, havhig had a 
strong passion for finding analogies in nature. Oni 
March 8, 1618, he began to compare the powers of 
these quantities, and at that time he took the squares 
of the periodic times, and compai^ them with the 
cubes of the mean distances, but, firom some error in 
the calculation, they did not agree. But on May 15, 
having made the last calculations again, he discovered 
his error, and found an exact agreement between 
them.^ Thus he discovered that famous law. That the 
smiares of the periodic times of all the planets are as 
the cubes of their mean distances Jrom the sun. Sir 
/. Newton afterwards proved that this is a necessary 
consequence of the motion of a body in an ellipse, re* 
volving about the focus. Prin. Phil. Lib. I. Sec. 2. 
Pr.l5. 

(163.) Kepler also discovered, from observation, 
that the velocities of the planets, when in their apsides, 
are inversely as their distances from the sun; whence 
it fcdlowed, that they describe, in these points, equal 
areas about the sun in equal times. And although he 
could not prove, from ob^rvation, that the same was 
true in every point of the orbit, yet he had no doubt 
but that it was so. He therefore applied this principle 
to find the equation of the orbit (as will be explained 
in the next Chapter), and finding that his calculations 
agreed with observations, he concluded that it was 
true in general. That the planets describe about the 
sun, equal areas in equal times. This discoveiy was, 
perhaps, the foundation of the Principia^ as. it might 
probably surest to Sir /. Newton the idea, that the 
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proposition was trae in general^ which he afterwards 

{iroved it to be. These important discoveries are the 
bundation of all Astronomy. 

(164.) Kepler also speaks of Gravity as a power 
which is mutual between all bodies ; and tells ua, that 
the earth and moon would move towards each other, 
and meet at a point as mu<^h nearer to the earth 
than the moon, as the earth is greater than the moon, 
if their motions did not hinder it. He further adds, 
that the * tides arise from the gravity of the waters 
towards the moon* 
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Chap. X. 

on THE 1MTI01I OP A BODY IN AN ELLIFSE ABOUT THE 

fOCUS. 

• • •" " 

(l65») Aa the orbits which are described by the 
primary planets revolving about the sun^ are ellipses 
having the sun in one of the foci, and each describes 
about the sun equal areas in equal times, we next pro- 
ceed to deduce, from these principles, siich conse- 
quences as will be found necessary in our enquiries 
respectine their motions. From the equal description 
of areas about the ,sun in equal times, it appears * that 



* For if APQ be an .ellipse described )>y a planet about the sun 
at S in the focus, tine indenDitely small area, PSp^ described in a 




given time« will be constant ; draw Pr perpendicular to Sjp ; and 
as the area SPp is constant for the same time, Pr varies as V; 

Pr 1 

but the angle pSP varies as '^, and therefore it varies as <» ; that 

is, in the same orbit, the angular velocity of a planet varies in- 
versely as the square of it's distance from the sun» For difftrent 
planets, the areas described in the same time are not equal, and 

tberefore Pr varies as — ^ ^ , consequently the angle pSP varii^s 

area SPif 
as — g % > ^**** is,, the angular velocities of different planet9, are 

as the areas described in the same time directly, and the squares of 
their distances from the sun inveisely. 
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fhi^ Ijianete fno^ wttll ttnequal angulftr veloeitie» about 
the h^; lC9ie j^fopo^ition therefore, which we hera 
piiV]^pos^ to'fiolvej is^ • given the periodic time of a 
jp^hh^t, tile tiftie of it'6 motion from ifs aphdion, and' 
the ^x^tticfity of it's orbit , to find it's angubr di»- 
tance from the aphelion, or it*s /nre anomaly, and itV 
distance from the sup. This was first (H^oposed by 
Kepler J and ther^re goes by the name of Kepl^s 
Problem. JJfi knew no direct matl^od of solving it^ 
and therefore did it by very long and tedious tentative^ 
operations. 

(116.) Let AGQ be the ellipse described by the 
body about the sun at S in ona of it's foci^ uiQ dicf 
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GC the semi-minor axis, A the aphelion, Q^ 
the ppriheli9n,, P the place of the body, AVQE a 
circle,. .C it's eenter ; draw iVjp/ perpendicular to ACi^ 
join PS, NSf, and NC^ on which produced let (all the 
peip^ndicul^ar S'jC. Let a body move unifi;)rmly in th^ 
circle from A to D with the mean angular velocity 
of t h e b ody in th e e lli p s e, whilst the body tnoves intfae 
eljiipse from 4 to P; then the angle ACD is the 
iman,md the angie ASP the true anomaly ; and the* 
difference of these two angles is eaHed the equaiion of 
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t/ke pkmit's center, or proathapheresU. Let ji ae the 
periodic tiaie in die dlipse or circle (the periodic 
tiines beitxg equaj by 8iq[>position), and /=the time <^ 
describing AP or AD\ then^ as the bodies in the 
ellipse and circle describe equal areas in equal times 
about S and C respectively^ we have 

area ADC : area of the circle \vt:py 
' area of the ellipse : area ASP :\p it \ also, 
' area of circ. : area of ellip. :: area -^SiV: area ^SP ;* 

therefore, area ADC : area ASP v. area ASNi area 
ASP ; hence, ADC = ASN ; take away the ai-ea 
^CNj which is common to both, and the area DCN 
^SNCi but DCN^i DNy CN, and SNC^^i ST 
xCN; therefore ST:^DN. Now if / be given, the 
arc AD will be given ; for as the body in the circle 
moves uniformly, we have pit:: 36o® : AD. Thus 
we may find the mean anomaly at any given time, 
knowing the time when the body was in the aphelion ; 
hence, if wef can find S7\ or iVx), we shall know the 
angle NCA^ called the excenttic anomaly, firom 
whence, by one proportion (167) we shall be able to 
find the angle J^P the true anomaly. The problem 
is therefore nediiced to this ; to find a triangle CST, 
such, that the angle C+ the degrees of an are equal to 
ST, may be equal to the given angle ACD. This 
may be expeditiously done by trial in the fi>llowing 
manner, given by JVl. de la CaiUe in his Asttronomy^ 
Find what arc of the circumference of the cirele 
JiDQE is equal to C^, by saying, 355 : 113 ;: 180**. 
vbj\ 17'. 44 ,8, the number of degrees of an arc equal 
in lenj^th to the radiiis CA ; hence, CA : CS :: SJT*. 
iY,. 44'',8 : the degrees off an arc equal to CS. Aasume 
therefore the angle SCT, multiply it's sine into the 
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* See my Treatise on the Conic Sections^ second edit. prop. 7. of 
the Ellipse, cor. 3 and 4. And this ii the Treatise referred to i» 
tl^e future part of this Work^ 
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degrees in CS, and add it to the angle 8GT, and if it 
be equal to thfe given angle ACD, the si^position was 
right ; if not, add or subtract the difiereoee to or from 
the first supposition, accQrding as the result^ is less or 
greater than .(4CZ), and lepeal ' '" '' ' 

very few trials you will get'tl 
angle SCT. The degrees in 
obtained, by adding the. logari 
rithm of the siiie of the angh 
10 from the index, and the r 
garithm of the degrees in i 
value of AN, or the angle Ai 
9nd the angle ASP. 

(16^.) Let V be the other focus, and put, j^C=pl ; 
then by Eucl. B. II. P. 12. 5f - Po' = t)*+ ivSx 
vl=vS+svIx vS= iCv+avlx iSC = 3CIx 2.SC ; 
hence, SP+Pc|2C/:: nSC : SP- Pv, or a ; SC/:: 
3SC:SP-3~SP,or\ : C/ :: SC : «P - 1 ; hence, 
SP =: l + CSx CI= l + CSx cos. i ACN. But 

(Trig. Art. 9i), \l^,',^sP = •»"• i ^*^' i »'■<'• 

(Trig. Art. 125) SP, or 1 + CSx ax.ACN : rad. = 1 

:: SI, or CS + CI, or CS + cos. ANC, : cos. ASP = 

CS+C0S.AC1V .. , . , 

i+csxcos.:acn H'°'^=' ""■ i ^*^ ' < = 

l-cos.ASP \ l+CSxc<x.ACN-CS-cm.ACN 
I + cos.^SP' ~ I + CSx COS. ACN+ CA'+ cob. ACN 

l~CS+cos.ACNxCS-l SQ-cos.ACNxSQ 
~ 1 + CS+cos.^CA'+ fS+ 1 - SA+cos.ACNxSA 

1 - cot.ACN SQ ,_, . , . ,. , „,v 

^ i+.cos.ACN " SA= (Tngonometry, Art,cle gsf 

too. i ACN^ X gj i therefore >JiiA ': ^/33 :: tan. 

iACN : tao. I ASP, consequently we get ASP the 
true anomaly. 
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£s. Reqoimd the imt plaoe of Mereury on A«g. 
p6, 17^9 ^ BOOB, the eqoatioD of llie oenter^ and it's 
distanoe from die sou. 



3yM. dela QdUis Astronomy, Mercury was in 
if s aphelion on Aug. 9^ at 6A. ST** Henoe^ on Aug. 
36/ it had passed ifs aphefion \6d. 17A. 33' ; there- 
fore BJd. 33&, 15'. 33'' if the time of one revolution) r 
\6d. 17A. 83' :: 360*" : 68*. 3ff. 38". the arc AD, or 
mean anomaly. Now (according to this author) CA : 
CSii 1011376 : 311165 (166) :: 57^.71'.44",8: 11^ 
57'. 50^=43070", the value of CS reduced to the arc 
of a circle, the 1<^. of which is 4,6341749. Also, 68^. 
36'. 38"= 346388". Assume the angle SCT to be 
60^.a:3l66oo"^ and the operation (166) to find the 
loigle ACN, will stand thus. , 
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9,9375306 log. ttf. 216060=0 



Mh^a^Bia^ 



4>&7i7«M »*.... ^7300 



•iB>>-V« 



• • 



253300 
5246538 



6912=6 



» » 



4,6341749 

9,9^7987 209O88 =fl- 6 = 58°. 4'. 48"=c 



4,563^36 ... . . V 36557 



*aMk 



345645 

346388 



743 sd 



4,6341749 

9.9397694 ...... 3098^1 tsc+l^-S**.!/.,!!"** 

4,5639443 36639 



■*«i 



246470 

646388 
4,6341749 

9*9396626 ...... 009749 =te-/«S8« J *'.49"«f 

4,5638375 36630 



i4ft* 



246379 

346388 



ri« 



9=Af hence, as the dif- 
ference between the vAlue deduced from the assnmp- 
tion and the true talue, is now diminished about nine 
times eveijoper^on, the next differenee would be l""; 

Q2 
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if therefore we add htog^ and then subtract 1'', we 
get 58^ 15'. 5f\ for the true value of the angle ^CiV, 
the excentric anomaly. Hence, (1^7) ^'^ ^^ ^'''^ 
anomaly ASPy from the proportion there given, by 
logarithms, thus. 

Lc^. tang. 29*. f. bSTi . . 9,746l 246 
i]^.SQ=80011i ... 3^515751 

126976997 

f Log. £^=1323441 . . . 3.0436141 

Log. tang. 24M6M5" . . . 9,6540856 

Hence, the true anomaly is 48*^.32'. 30". Now the 
aphelion A was in 8*. 13^ 54\ 30"' ; therefore the true 
place of Mercury was 10^. 2^. 27'. Hence, (166), 68^ 
26'. 28" ^48*. 32'. 30"= ly. 53'. 58", the equation of 
the center. Also, SP=1 + C5 x cos. z ACN=:i 
1,10983 the distance of Mercury firom the sun, the 
radius of the circle^ or the mean distance of the 
planet, being unity. Thus we are able to compute, at 
any time, the place of a planet in itV orbit, and it's . 
distance from the sun ; and this method of computing 
the excentric anomaly appears to be the most simple 
and easy of application of all others^ and capable of 
any degree of accuracy. 

(168.) As the bodies D and P departed from A at 
ihe same time, and will coincide again at Q, ADQ^ 
^PQ being described in half the time of a revolution ; 
And M9tA the planet moves with it*s least angular 
velocity (by the Note to Art 165), therefore fipm A to 
<2, or in Ae first six signs of anomaly, the angle ACD 
will be greater than ASP, or the mean will be greater 
than the true anomaly ; but from Q to ^, or in the 
last six signs, as the planet at Q moves with it's 
greatest angular velocity, the true will be greater than 
the mean anomaly • When the equation is greatest in 
going fix>m ^to Q, the mean place is before the true 
jiBce, by the equatioD, and from Q to. ^^ the fru^ 
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plaoe is before the mean place, by the equation; 
therefore, from the time the equation is greatest till it 
becomes greatest again, the difierence between the 
true and mean motions, is twice the equation. From 
apogee to perigee^ the true apd mean motions are the 
same. 

(169.) The method ascribed by some writers to 
tSeth fFard, Professor of Astronomy at Oxford, and 
published in l654, although, as M. de la Lande ob- 
serves, it is given both by fFard and Mercator to 
Bullialdus^ is less accurate than these we have already 
given; yet as it may, in many cases, serve as a useful 
approximation^ it deserves to be mentioned. He 




assumed the angular velocity about the other focus v to 
be uniform*, and therefore made it represent the mean 

* That this i s not true may be thus shown. With the center Sand 
radius SWzsiVACx C£ describe the circle s^^ then the area of this 

lA 




ciiclesarea of the ellipse (Conic Sections, Ellipse^ Prop. 7. Cor. 5): 

let 
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anomaly. Produce vP to r, and take PrxzPS; 
then in the tri angte 8vr, rv+v8 : ru-^vS :: ^. 
X. z »S r +i;rg : ten, j. l vSr^vrS (Trig, Art-^IS5); 
now I . n?+rS=f AQ-¥ \ vS^A8 yWi$A { . r» ^ »«y 
= |^Q^f i;S=SQ; also, tan, f . z t^Sr + tr^S = tan. 
J. z ^Pj, apd t ap. J. zi7i^-i?riS=a (a? PrmPS^ t^n. 
$. 4t;«&--PiS!r»t;My|. z^«$^P; henot^.^Ae ^iM^ 

oiaoma^ : tan. ^ frti^ a^oMi^ TbU is palled tbe 
simple elliptic hypothedsu In kbe orb^ g[ tlve eartl^ 
t^/e error i^ never greater tbi^ jl7'' » H^ tbq orbit of the 
, raoon, it may be l\ 35^ By tim iijrpptbe^is^ for gtf 
from aphelion and perihelion^ the computed place is 
backwarder than the true i and for the other part it is 
forwarder. 

(170.) The greatest equation of the center may be 
easily found from the Note to Article 169, giving the 
dimensions of the orbit. For as long as the angular 

let a body, moving uniformly in it, make one revolution in the 
same time the body does in tlie ellipse ; and let the bodies set off. 
at the same time from A and z, and' describe AP, 20, in the same 
time^ then the angle zSv is the mean, and ASP the true anomaly. 
Draw p& indefinitely ntaj; t|> PiSy and fp, p^, |^rpen£cnlar ti> 

<%V -KP; ^a ttvip^. Nom the angte PJ^ Tarie» as -^^a* 

Pr 

-WW I b«l», io a givea tine, Ibe ar«a P8p iis given, therdt^re Pr 

varies as j^ ; hence, the angle PFp^ described in a given time, 
varies as pV ' ' />g » which is not a constant quantity. Also, z PFp 

: L PSp :: PS : PF :: py^p^ • 75^5- And by the Note to 

Art. 165, as equal areas are described in equal times in the circle 
and ellipse about S, the angular velocity about S in the circle, be- 
comes "rrrr* Hence, the' angular velocity about S is greater or 

less than the mean angular velocity, according as PFxPS is less 
or greater than SfV*, or than ACxCE* Also, the angular velocity 
,about S is the.same in similar points of the ellipse in respect to the 
center, or at equal distances from the center. 
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velocity of the body in the circle is greater dian that ill 
the ellipse aboat S, the equation will inerease, the 




bodies setting oat from A and z ; and when they be- 
come equal, the equation namst be the greatest ; tfeis 

thereforehappenswhea-gj^s^r^tt^^^ ^g!f ox 

when ACy CE^SP", hence, SP is known. Let 
S^ represent thb value of SF-^ then as we know 




S1V, F0'{^2AC'-SW) will be known, and as 
&F\i& known, we can find the angle FSir the 
true auomaiy. Hence (167) ^SQ : sJTSa :• 
tan; f trm aaom. : tan § excen. anom. ACNj or tan* 
i SCTi heace, as we know SC. we can find ST^ or 
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ND ; and to convert that into degrees, say, Rad. = 1 
: ND :: 67^ \f. 44" fi : the degrees in ND, which 
added to or subtracted from the angle ACN, gives 
ACD the mean anomaly, the difference between which 
and the true anomaly is the greatest equation. Thus 
we may find the equation at any other time, having 
given SP. 

(171.) The excentricity, and consequently the di- 
mensions of the orbit, may be known from knowing 
the greatest equation. For (170) the equation is 
greatest when the distance is a mean between the semi- 
axes major and minor, and therefore in orbits nearly 
circular, the body must be nearly at the extremity of 
the minor axis, and consequently the angle NCAj or 
SCT (Fig. p. 103) will be nearly a right angle, there- 
fore STis nearly equal to SC ; also NSA will be very 
nearly equal to PSA. Now the angle NCA—NSA 
{PSA) ^ SNC, and DCA - NCA = DCNi add these 
together, und DCA-- PSA^DCN+SNCywhxch (as 
. NC is nearly parallel to DS) is nearly equal to 2 DCNi 
tbat is, the difierence between the true and mean 
anomaly,. or the elation of the center^ is nearly equal 
to twice the arc DN, or twice 5T, or very nearly 
twice SC. Hence, 57^ 17'. 44'',8 : half the greatest 
equation :: rad.= l 2 iSC the excentricity. But if the 
orbit be considerably excentric, compute the greatest 
equation to Jthis excentricity ; and then, as the equa- 
tion varies very nearly as «3C, say, as the computed 
equation : excentricity found :: given greatest equa- 
tion : true excentricity. 

Ex. If we suppose, with M. de la Caille, that Mei*« 
cury*s greatest equation is 24**. 3\ 5"; then 57*^. 17'. 
44",8 : 12''. r. 32",6 :: 1 : ,209888 the excentricity 
very nearly. JSow the . greatest equation, <!omputed 
• from this excentricity, is 23"". 54'. 28",5 ; hence, 23^ 
54'.28",5 : 24^ 3'. 5" :: ,209888 : ,211165 the true 
excentricity. M. de la Lande mzkes the greatest 
equation 23?. 40', and the excentricity ,2077^5; 

(172.) The converse of this problem^ that is, given 
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the excentricity and true anomaly^ to find the mean, 
may be very readily and directly solved. The excen- 
tricity being given, the ratio of the m^or to the minor 
axis 15 known*, which is the ratio of NI to PI; hence, 
the angle ASP being given, we have PI : NLu tan. 
ASP : tan. ASN; therefore, in the triangle NCS, 
we know NC, CS^ and the angle CSN, to find the 
angle iSCiV (Trig.Art.128), the supplement of which 
is the angle -4CA', or 5CT; hence, in the right- 
'angled triangle STC^ we know A^Cand the angle SCT/ 
to find Sr(Trig Art 128), which is equal to ND, 
the arc, measuring the equation> which may be found 
by saying, radius : ST :: 57®. 1/'. 44'',8 : the degrees 
in NDi which added to ACN, gives ACD the mean 
anomaly. 

To find the hourly Motion of a Planet in ifs OrUt^ 
having given the. mean hourly Motion. 

( 1 73 .) The hourly motion of a planet in it's orbit is ' 
found immediately from the Note to Art. 169; for it 
appears from thence, that the angles PSp, fFSiVy de- . 
scribed by the body at P in the ellipse, and the body 
Ji^in the circle in the same time, are as Sff^^ : SP^^ 
or as (see Fig. p. 103) ACx CE : 8P^ ; hence, SPp= 

H^Sw X — ^TC — the hourly motion of a planet in 

* 

it's or&iV, the angle WSw being the mean motion of 
the planet in an hour. For greater accuracy, SP must 
be taken at the middle of the hour. Thus we may 
easily compute a table of the hourly motions of the 
planets in their orbits. ' , 

a 

,,■■-■-...—,. ■ II , , ~. 

♦ For as ^C, CS are known, we have GC=s\/GS*^SCts: 

^AC'^-'iC^=^s/AC+SCx AC-^ SV, for theconaputationof which 
by logarithms, see Trig. Art. 52. ' 
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Chap. XI. 

ON THE OTFOSITIONS ANB €ONJUNCnClUS QV 

THE FLANEIS. 

(174.) TiiK pbce and time of the oppositioo of a au* 
perior. or C€H»juaction of an inferior pbnet, are the 
most important obsarvatioos far determining tlie ele- 
nwBte of the orbit^ because at tkat time the observed 
is the same as the true longitude, or that seen from the 
sun ; whereas, if observations be made at any other 
time, we must reduce the observed to the true longi- 
tude^ which requires the knowledge of their relative 
distances, and which, at that time, are supposed not 
to be known. They also furnish the best means of 
examining and correctiQg the tables of the planets* 
motioMy by comparing the computed with the ob- 
servisd phides* 

(f 75.) Todetermine the time of opposition,. observe,, 
when the planet comes very near to that situation, the 
time at which it passed the meridian, and also it's right 
ascension (111 or 1 13) ; take also it*s nieridian alti- 
tude ; do the same for the sun, and repeat the obser- 
vations for several days. From the observed meridian 
altitude find the declinations (114), and from the 
right ascensions and declinations compute (lift) the 
latitudes and longitudes of the planet, andf the longi* 
tud^ of the sun. Then take a day when the dimr<« 
enee of their longitudes is nearly 180% and oa that 
day reduce the sun*s longitude^ found from observation 
wben it passed the meridian, to the loi^tude fouadat 
the time (t) the planet passed, by finding from obser- 
vation, or computation, at what rate the longitude 
then increases. Now in opposition the planet ia 
retrograde and therefore the difference between the 
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lon^tudes of the plaoiet and sun mcr^ases by the 9nm 
of their motions. Hence, the following rule : As the 
sum (Sj^ of dieir daily ogtotions in loi^itiide: the 
diflference (D) between 180^ and the diflference of 
their Ibnaitud^ reduced to the same time (t)^ (sub- 
tracting the sun's longitude^ from that of the planet to 
get the diSerenee reekoned '£rom^ th^ sun according to 
tlie order of the signs) ':: 24h. : interval between, that 
time (t) and the time of ofposiAiop^ Thk interlrak 
added to or subtracted from the time (#), aecordiBg as 
the difierence of their longitudes at. that titae was 
greater or less than 180^^ gives the tisoie of 'opposition. 
If this be repeated for several <i^s, and the meair of 
the whole taken, the time will be had more accumtely. 
And if the time of opposition £bund from ohaeryationi 
be compared with the time by con^putatioQ from the 
Tables^ the difierence will be the error of the Tables^ 
which may. serve as means of correcting theou 

£x. On October 24, 176a, M.^&i.Za2Mfe observed 
the difierence between the right ascensieos of fi Aries^ 
-and Saturn^ which passed the meridian. at \2h. 17'.. 17'- 
apparent time„ to be 8^. &'. t\ the star passing first. 
Now the apparent right ascension of the star at that 
time was 3&^ 24". 33^',6; hence, the apparent right 
ascension^f Saturn was 1*. 3^. 29^. 40",o at 12 A. 17C 
\f apparent time, or 12A. 1'. 37'" mean time; Oft 
the same day he found> from observation of the xmt!-^ 
ndian altitude of Satuvn, that, it's declination wais lOf. 
35/. 20'' N. Hence^ from the right aeicension andde^v 
cliijkation of Saturn^ it's longitude is found to be i^ 4^. 
50'. bS\ and latitude S^ 43'. 25'' S. At the sama 
time the sun's longitude was found by calculation toibo 
7*. l^ 19'. 22", which subtracted frpo* I". ^.J^..^\ 
gives &. 3\ 31'. 34"; hence, Saturn was 3^ 31'. a4" 
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* ^or this differMce shows how far the planet is from opposi* 
tieit ; and the proposition is founded on this principle, that the sun • 
appNac(i«6 the star hytipaees in proportion to the times ; the spaces 
oan^ S> wt nhsffefero le ss^ tbe tixas^ 2Vh and tbe time (1)' to^ 
•Pl^ositioK. 
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Conjunctions of the planets. 



beyond opposition, but being retrc^rade will after- 
wards come into opposition. Now, from the observa- 
tions made on several days at that time, Saturn's longi- 
tude was found to decrease 4t. 50'' in 24 hours, and 
by computation, the sun's longitude increased 59'. 59" 
in the same time, the sum of which is 64^ 49"; hence, 
64'. 49" : 3^. 31'. 34" :: 24A. : 78A. 20'. 20", which 
added to October 24, 12*. l'.37", gives 27rf. 18A. 21'. 
57" for the time of opposition. Hence, we may find 
the longitude of Saturn at the time of opposition, by 
saying, 24A. : 78 A. 20^. 20" :: 4'. 50" : 15'. 47" the re- 
trograde motion of l^aturn in 78*. 20'. 20", which sub- 
tracted from 1". 4''. 50^. 56", leaves 1*. 4^ 35'. 9" the 
longitude of Saturn at the time of opposition. In like 
manner we may find the s\in*s longitude at the same 
time, in order to prove the opposition ; for 24A. : 78A. 
20'. 20" :: 59'. 59" : 3''. 15'. 47", which added to 7*. 
1®, 19'. 22", the suns longitude at the time of observa- 
tion, gives 7*. 4^. 35'. 9" for the sun's longitude at the 
time of opposition, which is exactly opposite to that 
of 3aturn. Hence, we may also find the latitude of 
Saturn at the same time^ by observing, in like manner, 
the daily variation, or by computation from the Tabled 
after the elements of it's motions are known, and the 
Tables constructed ; by which it appears, that in the 
interval between the times of observation and opposi* 
tioQ, the latitude had increased 6", and consequently 
the latitude was 2*. 43'. 31". Thus we find the times 
^ opposition of all the superior planets. 

(176.) The place and time of conjunction of an in* 
ferior planet may be found in like manner, when the 
elongation of the planet from the sun, near the time 
of conjunction, is j^ufficient to render it visible; the 
most favourable time therefore must necessarily be 
when the geocentric latitude.of the planet at the time 
of conjunction is the greatest. In the year 1689, 
Venus was in it'3 Inferior conjunction on June 25, and 
it was observed on 21, 22, and 28 ; from which observa- 
tions it's conjunction was found to be at 13^. 46' appa^ 
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rent time at Pans^ in longitude ® 4^. 53'. AO"y and 
latitude 3*. l'. 40"N. The state of the air must be 
very favourable^ that the time and place of the superior 
conjunction may be thus observed ; for as Venus is 
then about six times as far from the earth as at it*s in-* 
ferior conjunction^ it*s apparent; diameter and the 
quantity of light which we receive from it, are so small, 
as to render it difficult to be perceived. But the most 
accurate method of ob;serving the time of an inferior 
coniunction both of Venus and Mercury, is from ob- 
sei4tions made upon them in their tn^its over the 
8un*8 disc. 




I 
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Chap. XII. 

ON THE BtEAN MOTIONS OF THE I'LANETS. 

{ 1 f 7.) The dtteminatioii of the 010011 motiom of the 
planets, from their conjunctions and oj^ioeittoiis, 
would very readily follow, if we knew the place of the 
aphelia and excentricities of their orbits ; for then we 
could (166) find the equation of the orbit^ and reduce 
the true to the mean place ; and the mean places being 
determined at two points of time, give the mean motion 
corresponding to the interval between the times. But 
the place of the aphelion is best found from the mean 
motion* To determine therefore the mean motion^ 
independent of the place of the aphelion, we must 
seek for such oppositions or conjunctions, as fall very 
nearly in the same point of the heavens ; for then the 
planet being very nearly in the same point of it*s orbit, 
the equation will be very nearly the same at each ob- 
servation, and therefore the comparison between the 
true places will be nearly a comparison of their mean 
places. If the equation should differ much in the two 
observations, it m u^t be considered. Now, by compar- 
ing the modem observations, we shall be able to get 
nearly the time of a revolution ; and then, by com- 
paring the modern with the ancient observations, the 
mean motion may be very accurately determined ; for 
any error, by dividing it amongst a great number of 
revolutions, will become very small in respect to pne 
revolution. As this will be best explained bv an ex- 
ample, we shall give one from M. Camm {Elem, 
d'Astron. p. 363), with the proper explanations as we 
proceed* 
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Ex. On September l6^ 1701^ Saturm was m ofppe- 
«ition eA 2h. when the pkce of the sun was f|t 83^.2 1\ 
l&\ and conse^pwnriy Saturn in x 23^ ?1-. l«", with 
2*. 27'. 45" south latitude. On September lO, 1730, 
the opposition was at Ifih. 2J\ and Saturn in ^ 17**« 
63'. 67", with a''. IS'. 6" south latitude. On vSep- 
tember 23, l?^!^ the opposition was at 16A. 61' in 
IT 0^30'. 50", with 2''. 36'. 56" south latitude. Now 
the interval of the two first observations was 29 yeurs 
(of wbich seven were bissextiles) wanting $1/. 13ft. 33'; 
and the interval of the two last was ly. I3d. 3ft. 24'. 
Also, the difference of the places of Saturn in the two 
first observations was 5^ 27'. 19", and in the two last it 
was 12"". 36'. 63". Hence, in ly. 13c2.3ft. 24", Saturn 
had moved over 12^ 36', 63"; therefore 12^36'. 53" : 
A*". 27'. 19" :: ly. ISd. 3ft- 24' : l63rf. 12ft. 41', the 
time of moving ov^ 6^ 27'. 19" very nearly, because 
Saturn, being nearly in the same part of it's orbit, will 
move nearly with the same velocity ; this therefore, 
added to the interval between the two first observations 
(because at the second observation Saturn wanted 5^. 
27'. 19" of being up to the place at the first observa^ 
tion), gives 29 common years i64d. 23ft. 8', for the 
time m one revolution. Hence say 2S^. l64^. 2Sk 
8' : 365rf. :: 36o^ : 12^ 13'. 23". 50'" the m«ai} an* 
nual motion of Saturn in a common year of 365 days, 
that isr, the motion in a year if it had moved uni« 
formly. If we divide this by 365, we shall get 2\ 0". 
28'" for the mean daily motion of Saturn. The mean 
motion thus determined will be sufiiciently accurate to 
determine the number of revolutions which the planet 
must have made, when we compare the modem with 
the ancient observations, in order to determine the 
mean motion more accurately. 

The most ancient observation which we have of the 
opposition of Saturn was on March 2, in the year 228, 
before J. C. at one o'clock in the aAemoon, in the 
m^ridiafi of Fwis, Satorn being then in 19 8P. sd'. 



113 M&AN MOTIONS OF THE PLANETS. 

with 8^ 50" north lat. On February 26, 1714, at 8h. 
15', Saturn was found in opposition in vjf 7°- 56'* 46", 
with 2®. 3' north lat From this time we must sub- 
tract 1 1 days, in order to reduce it to the same style 
as at the first observation, and consequently this oppo. 
sition happened on February 15, at Bk. 15'. Heiice, 
the difference between these two places was only 2ff. 
14". Also, the opposition in 1^15 was on March 1 1, 
at l6h. 55', Saturn being then in vg 21*. 3'. 14^", with 
2®. 25' north lat Now between the two first opposi- 
tions there were 1942 years (of which 485 were bissex- 
tiles) wanting 14^. loA. 45', that is, 1943 common 
years, and 105rf. 7h. 15' over. Also, the interval be- 
tween the times of the two last oppositions was 3f8d 
8 A. 40', during which time Saturn had ncioved over 135. 
6'. 28"; hence, 13^6'. 28" : 26'. 14" :: 378rf, 8*. 40': 
Idd. 14^. which added to the time of the opposition 
in IJl^y gives the time when the planet had the same 
.longitude as at the opposition in 228 before J. C. 
This quantity added to 1943 common years 105rf. fh. 
15', gives 1943y. 118ii. 2lA. 15', in which interval of 
time Saturn must have made a certain complete num- 
ber of revolutions. Now having found, from the 
modem observations, that the time of one revolution 
must be nearly 29 common years l64^. 23k. 8'', it fol- 
lows that the number of revolutions in the above 
interval was 66; dividing therefore that interval by 
66, we get 29y. l62rf. 4h. 27' for the time of one re- 
volqtion. From comparing the oppositions in the 
years 1714 and 1715, the true movement of Saturn 
appears t6 be very nearly equal to the mean move- 
ment, which shows that the oppositions have been ob- 
served very near the mean distance ; consequently the 
motion of the aphelion cannot have caused any con- 
siderable erroi\ ih the determination of the mean 
motion. Hence the mean annual motion^s 12^ 13'. 
35". 14"Vand the mean daily motion 2'. O^. 35'". Dr. 
Hdlley makes the annual motion to be 12^ 13'. 21 "^^ 
M, de Place makes it 12'', 13'. 36"^8. As the revolu*- 
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tion here determined is in that respect to the laneitude 
of the planet, it nitipt bea trppfcapTeyoiution. Hence, 
to get the sidereal revolution, we must say, 2\ 0". 35'" 
: 24'. 42". 20^" (the prec^essioh in the time of a tropical 
revolution, Art. 130) i: 1 day : 12rf. 7A. l'.67", which 
added to 29y. l62rf. 4h. 27', gives 2Qt/. I74d. 11 A. 
28'. 57" the length of a sidereal year of Saturn. Thus 
we find the periodic times of all the superior planets. 
The periodic times of the inferior are found from their 
conjunctions. 

The periodic times of the planets are as follows ; 
Mercury, SJd. 23 A. 15'. 43",6; Venus, 224d. l6h, 
49'. 10",6; Mars, ly. 321 rf. 23 A. 30'. 35",6; Jupiter, 
lly. 315rf. 14A. 27'. 10",8; Saturn, 29t/. 174rf. lA. 
51'. 11",2 ; the Georgian^ 83y. 150rf. 18A. 
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Chap. XIII. 

* 

^0N Tt» GREATEST EQUATION, EXCENTRICITY, AND PLACE 
OF THE AFHELIA, OP THE ORBITS OP THE PLANETS. 

(178.) Having determined the mean motions of the 
* planets, we proceed next to show the method of find- 
ing the greatest equation of their orbits^ the exceil^ 
tricity, and place of their aphelia. For although, in 
order to determine the mean motions very accurately, 
these things were supposed to be known, yet, without 
them, the mean motions may be so nearly ascertained, 
that these elements may from thence be very accu- 
rately settled. By Art. 161, we toay find the distance 
of a planet from the sun in any point of it*s orbit. The 
{iroblem therefore is, having given in length and posi- 
tion, three lines drawn from the focus of an ellipse, to 
determine the ellipse. 

(179.) Let SBy SC, SB, be the three lines; pro- 
duce CjB, CD; and take 55 : SC :: EB : EC, and 
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SC : SD :: CF : DF, then 8C^ SB z SC :: BC : 
JBC=^^fjg, and SC-SD t SC:: DC: CF=z 



fc^^ Joip F:E, and draw DK, CI, BH, per- 

peiklicnlar to it Now, t)y^ sknilar triangles^ IC : HB 
:: EC I EB v/{by comt.) SC z SBi also, /C : KD 
:: CF: BF i: SC : SD. Hence, the proportion of 
/C, HB, K£f,is the same as SQ SB, SD, conse- 
tqueutly EF is the directrix of the ellipse passing 
through By C, D^ (Con. Sect. p. 31). Through S 
dntw ASQG perpendicular to FE ; take GA : ^5 :: 
Cli CS, add GQ ; SQ :: CI: CS; then CI^CS: 

OS :: GS : SQ = ^^7 — tt^ ; ^^ 1*^^ manner we find 

AS=^ jyj — ^^ and A^ Q, will be the vertices of the 

conic section. 

(180.) Calculation. In the triangles SBC, SCD, 
we know two sides and the included angles, they be-, 
ing the distaiices of the. observed places in the orbit; 
hence, (Trig. Art. 135) we can fi«d BC, CD, and the 
a,ng!es ^ICS", 5Ci>, and consequently JtCjD. Hence 
(179) we know fi^ and CF, and the angle ECF be- 
ing also known, the ^gk CEFc^u be found. Thesre- 
fore in the right-angled triangle CIE, CE and the 
angle E are given; hence, (Trig. Art. 128) CI is 
known. Join SI; then in the triangle SIC we know 
CI, CSand theangle5C7(=5CS-^BC/); hence, 
we know SI, and the angles CIS, CSI, and hence 
the angle SIG is known ; therefore, in the right-angled 
triangle SIG, we know A'/ and tlie angle SIG, from 
whence SG is found. Hence, (179) we know SA, 
SQ, half the difference of which is the excentricity, 
and their sum :=3:^Q. Lastly, in the triangle BSO 
(O being the other fccus) we know all the sides, to 
find the angle BSA (Trig. Art. 133), the distance of 
the aphelion from the observed place jB. 

In tbe year 1740, on July 17, August 26, Septem- 
ber 6, M. de la Caille found three distances of Mer- 
cury (the mean distance being lOOOO) as follows : SB^ 

H 2 
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= 10351,6, 7C=ll326,6,5D»9672,l66, the angfe 

jBAC=3'.27^0'.35",and CSD^44\40\r. Henc^, 

'BSC^2y.55\ 6^BC=l894l,5CD=56^49^ CD 

=8124,5, J5CF=86\ 44'. 5", C£ = 215004, CE = 

55647,CJS:F=14^41^44", C/= 54643, CS/=124\ 

•47'. 45", C/5^9\49\ 4", 57=47281, SIG=8(f. 

l(y. 56", iSG=46689, -SP=: 8010,5, &^= 12209, SO 

= 4198,5 ; hence, the excentricity = 2099,76, BSA 

=7V. 37'. 23, or 2*. 1 1^ 37'. 23", which added to &. 

3*. 13': 51", the position of SJ8, gives 8\ 13\ 61', 14"' 

for the place of the apheUon. Hence^ the greatest 

equation is 24*. 3'. 5". 

(181.) Or from the same data, the place of tht 
aphelion and excentricity may be thus found. Put 
the semi-axis major = 1, «S5 = a, SD = b^ SC=Cj the 
angle BSD^v. BSC^u, BSQ^x,OS^e, half the 
parameter = r. Then, by a well-known property of the 

ellipse (Conic Sect. Ellipse, Prop. 16), ^=7-7 
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bs: , c=r — : ■ ; hence, r=« 

1+e.cos.v+x l + c.cos^M+x 

+a€.Qos.x^b+b€.co8.v7+i=:c+ce.co^.u+x; there- 

* i— a c— a 

fore, — =r =c= =i==r, 

a.cos.d?— -frjcos.i; + x a.cos.x — c.cos.t^ + x 

now for cos.t;-{-x, and cos. tT+xJ substitute cos. w.cos. 
X - sin. t; sin. a?, and <:os. u. cos. x— sin. u. sin. x (Trig. 
Art. 102,) and we shall have 

6 — a 

— ■ — —J - ^^^ 

a . cos. x— 6 , cos. « . COS. J? + 6 . sin. t;,8in. x "" 

a . cos. x-c . COS. t« . cos, a?+c. sin. «.sin. x ' ^^^^^^ 
each denominator by cos. x, and we have 

f^-ct ^ c-g 

a — 6.co8.t;+&.8in .t;.tan .j? '^a-'C. cos. « + c.sin.ii.tan, or * 
hence, tan. x = ^-^-g»co8>t;- c.y::«^ le-g.^^A^ 

6-c— a.sin.r — c.6-a. sin.ii 
which gives the place of the perihelion. Hence, wo 



OF THE ORBITS OF THE PLANETS. 117 

know e = the excentricity ; con- 

a . COS. ^— c. COS. «« 4x07 

sequently 1 - e and 1 + ^) the perihelion and aphelion 
distances^ are known. The species of the ellipse being 
determined, it's major axis may be thus found : Com- 
pute the mean anomaly corresponding to the angle 
CSB^ then say, as that mean anomaly : 360"" :: the 
time of describing the angle CSB : the periodic time. 
The periodic time being known, the major axis i^ 
found (162) by Kepler* s Rule. For other practical 
methods, see my .Complete System of Astronomy. 
* (182.) All the epochs in our Astronomical Tables . 
are reckoned from noon on December 31, in the com- 
mon years, and from January 1, in the bissextiles. 

The places of the aphelia for the beginning of 1750, 
arei Mercury, 8". 13\ 33'. 58"; Venus, 10*. 7^ 46'. 
42"; the Earth, 3'. 8\ 37'. 16"; Mars, 5'. r. 28'. 14"; 
Jupiter, 6^ 10^2l'. 4"; Saturn, 8*. 28^ 9'. 7"; the 
Georgian, U'. l6^ 19'. 30". 

The excentricities of the orbits, the mean distance 
of the earth from the sun being 100000, are. Mercury, 
7955,4; Venus, 498 ; the Earth, l681,395; Mars, 
14183,7; Jupiter, 26013,3 ; Saturn, 53640,42 ; the 
Creorgian, 90804. . 

The greatest equations are. Mercury, 23^'. 40'. O" ; ' 
Venus, 0\47'. 20"; the Earth, 1\65'.36",5; Mars, 
10^ 40'. 40" ; Jupiter, 5^ 30'. 38"^3 ; Saturn, 6\ 2&. 
42" ; the Georgian, 6^ 27'. 16". 

The aphelia of the orbits of the planets have a mo« 
lion, which may be found, from finding the places of 
the aphelia of each at two difierent times. Those 
motions in longitude in 100 years are. Mercury, 1*^. 
33'. 45"; Venus, l^ 21', O"; the Earth, V. 43'. 35"; 
Mars, V. 51'. 40"; Jupiter, 1". 34'. 33"; Saturn, l^ 

60'. 7". 

According to the calculation* of M. de la Grange^ 
the aphelion of the Georgian Planet is progressive 
3", 17 in the year, from the action of Jupiter and 
Saturn; consequently it*s motion in longitode is" 
50",25+3",175s63",42. 
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Chap. XIV. 

ON THiS NOt)ES AND INCLINAtmNS OP THi: dRBlTS OF TUt 

PLANETS TO TliE tClAFtlC. 

(183.) From observing the' course of the platieW for 
one revolution, their orbits are found to be mclinerf to 
the ecliptic, for they appear only twice in a revolution 
to be in the ecliptic ; and as it is frequently requisite 
to reduce their places in the ecliptic, ascertained from 
observation, to the corresponding places in their orbits,, 
it is necessary to know the inclinations of their orbits 

, to the ecliptic, and the points of the ecliptic where 
their orbits intersect it, called the Nodes. But, pre- 
vious to this^ we must shoVr the method of reducing 
the places of the planets seen from the earth to the 

. places seen from the sun, and how to compute the 
heliocentric latitudes. i 

(184.) Let E be thji/place of the earth, P the 
planet^ S the sun^ <f the first point of aries ; draw Pv 




perpendicular to the ecliptic, and produce Es to a. 
-Compute^ at the time of observation, the longitude of 
the sun seer^ at o (115), and you have the jbngitude 
of the earth at E, or the angle f 8E; compute also 
the longitude of the planet, or the angle y* Sv (115), 
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Md the diiierence of these two angles is the angle BJ^ 
of commutation. Observe the place of the planet in 
the ecliptic, and the place of the sun being known, 
we hate the angle vES of elongation in respect to 
longitude; lience, we know the angle SoE, which 
measures the difference of the places of the planets 
seen from the earth and the sun ; therefore, the^place 
of the planet seen from the earth being known, the 
place seen from the sun will be known. Also, 

tan, PEv : rad* :: vP : Ev (Trig. Art 123) 

rad. : tan^ PSv :: vS : vP 

.•. tan. PEv : tan. PSp:: v8: Ev :: sin. SEv : -sin. 
ESv ; that is, tke sine of elongation in longitude : gin. 
of the difference of tke longitudes of the earth and 
planet :: tanl of the geocentric latitude ; tiin. of the 
heliocentric latitude. When the latitude is small^ 8*0 
: Ev is very nearly as PS : PE^ which, in opposition, 
is very nearly as PS i P«S'— SE. Qr we may coiu<^ 
pute (167) the values of PS and SEj #hich we can 
do with more accuracy than we can compute the 
angles SEv and ESv. The j curtate distance *St; ot,. 
the planet from the sun mayj be found, by saying, 
rad.: COS. PSvv.PSiSv. '■ 

(185.) Now to determine jthe place of the node, 
find the planet's heliocentric latitudes just before and 
after it has. passed the node, aifed let a and b be the 
places in the orbit, m and nthp places reduced to the 
ecliptic ; then the triangles amN^ bnN (which we 




tnay consider an rectilinear) being similar, we have 
nm : hn :: Nm CNn; therefore, am+bn : am v. Nm 
-^Nn {mn) : Nm, or am-^^bn : mn :: am : Nm^ that' 
is, the sum of the two latitudes : the difference of the 
longitudes :: either latitude: the distance of the node 
from the longitude ctfrrespondtng to that latitude. Or 
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if we take the two latitudes from the earth, it will be 
very nearly as accurate when the observations are 
made in opposition. If the distance of the observa- 
tions Should exceed a degree, this rule will not be suffi- 
cientiy accurate, in which case we must make our 
computations for spherical triangles thus. Put mn=s 
a, amzrfi , bn^h, Nm^x; then (Trig. Art, 212) 
sin. a — 0? sin. ^ .. , . 

■ tan, b = '^*- ^^-^ZJ' '■'^•"^ ^'"S unity ; but 
(Trig. Art. 101) sin. a—xssin. Axcoti. x-sin. jcx 

COS. a; hence, ""' " ^ '^' * " "'"• * "" «°«- « ''n- * 



therefore. 



tan. b 
sin. a y tUn (3 



tan./3 



sin. a: 

■ ■ " = tan.3?. 



tan. b -Fxjos. a x tan.)3 cos. x 
Ex. Mr. Bugge observed the right ascension and 
declination of SatUm, and thence deduced (114,184) 
the following heliocentric longitudes and latitudes. 



1 784. Apparent Time. Heliocentric Lon. Heliocentric Lat\ 


Julyl2,atl2\ 3'. 1" 


9».20».37'.29" 


o^ 3'. 13" N. 


30,-11.29. 9 


9« 20. 61. 63 


0. 2. 41 


Aug. 1,-10.38.25 


9- 31. 13. 17 


0. 1. 34 


8,-10. 9. 


9. 21. 26. 2 


0. 0. 66. 


21,- 9. 14.69 


9. 31. 42. 27 


0. 0. 3 


27,— 8. 60. 19 


9- 32. 0. 12 


0. 0. 27 S. 


31,- 8.33.47 


9. 32. 7. 32 


0. 0. 50 


Sept. 6, - 8. 13. 45 


9. 32. 16. 28 


0. 1. 21 


1 16,- 7.33. 45 


9- 22. 34. 32 


0. 1. 59 


jOct. 8 — 6. 4. 23 


9- 33. 16. 15 


0. 3. 35 



From the observations on August 21 and 27 , by 
considering the triangles as plane, x=44",6; from 
those on 21 and 31, x=44";6i and from those on 
August 31, and September 5, at =40"; the mean of 
these IS ar = 42" ; Mr. Bugge makes x=4 1", probably 
by taking the mean of a greater number, or computing 
from considering them as spherical triangles; hence, 
the heliocentric place of the descending node was 9*. 
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21*. 50'. 8",5. Now on August 21, at 9h. 12'. 26" 
true time^ Saturn\ heliocentric longitude was 9*. 21^. 
49'. 27", and on 27, at SA. 49'. 23" true time, it was 9. 
22"". 0\ 12"; therefore, in M 23h 36'. 57" Saturn 
moved 10'. 45" in longitude; hence, 10'. 45" : 41" :: 
bd. 23k 36'. 57" : 9A. 7'. 44" the time of describing 
41" in longitude, which added to August 21, gh. 1-2': 
26", gives August 21, I8A/20'. 10", the time when 
Saturn was in it's node. 

The longitudes of the nodes of the planets for the 
beginning of 1750, are. Mercury, i\ 15^. 20'. 43"; 
Venus, 2». 14^ 26'. 18"; Mars, l^ 17°. 38'. 38-'; 
Jupiter, 3*. 7^ 55'. 32" ; Saturn, 3«. 21^ 32'. 22"; 
Georgian, 2K 12**. 47'. 

(186.) To determine the inclination pf the orbit, we 
have am the latitude of the planet, and in N it's dis- 
tance upon the ecliptic from the node ; hence. Trig; 
Art. 210) sin. mN : tan. am :: rad. : tan. of the angle 
JV* But the observations which are near the node 
must not be used to determine the inclination, s^ a 
very small error in the latitude will make a consider- 
able error in the angle* If we take the observation on 
. July 20, it gives the angle 2^ 38'. 15": if we take that 
on October 8, it gives the angle 2^. 22'. 13"; the mean 
of these is 2^. 3Q\ 14", the inclination of the orbit to 
tiie ecliptic^ from these observations. Or the inclina- 
tion may be found thus. 

(I87.) Find the angle PSv (184), then the place 
of the planet and that of it*s node * being gi ven^ we 




know vN; hence (T^rig. Art. 210), sin. vJV: fan^ Pp 
:; rad. : tan. PNv the inclination of the orbit 
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On March 27, 1694, at Jh. 4\ 40", at Greenwich, 
Mr. Flamstead determined the right ascension of Mars 
to be 11 5\ 48'. 55'% aiid it's declination 24V !(/. 50" 
north; hence, (184) the geocentric longitude was 
^ 23\ 2&. 1 2", and latitude 2\ 46'. 38". Let S be the 
sun, E the Earth, P Mars, v it's place reduced to the 
ecliptic. Now the true place of Mars (by calculation) 
seen from the sun wasr St 28*. 44\ 14", and the place 
of the sun was t 7**- 34. 25"; hence, subtracting the 
place of the sun from the place of Mars seen from the 
earth, we have the angle vES between the sun ancl 
Mars 105**. 51'. 47"; and the place of the earth being 
^ .7*"- 34'* 35", take from it the place of Mars, and we 
have the angle ESv^SS"*. 50'. 11"; hence, (I87) sin. 
105\ 61'. 47" : sin. 38V 50'. 1 1" :: tan. PEv—2''.46\ 
38-' : tan. PSv=^ V. 48'. 36". Now the place of the 
node was in 8 17**. 15', which subtracted from a 28**. 
44'. 14", gives 101*. 2^. 14" for the distance vN of 
Mars from it's node; hence, sin. viV=: lOr. 2Sf. 44" : 
tan. Pv=: 1^. 48'. 36" :: rad. : tan. />JVv = i^ 56\ 50^, 
the inclination of the orbit. Mr. Bugge makes the 
inclination to be l^ 50'. 56",56, for Mar. 1 788. M. de 
la Lande makes it l"". 51' for 1780. 

The inclinatidn of the orbits of the planets are. 
Mercury, 7^ O'. O"; Venus, 3°. 23'. 35" ; Mars, 1°. 
5 1'.O";* Jupiter, 1^ IS'. 56"; Saturn, 2^ 29'. 50^'; 
Georgian, 46'. 20". 

(188.) The motion of the nodes is found, by com- 
paring their places at two different times ; from 
whence, that of Mercury in 100 years is found to be 
V. 12'. 10"; Venus, 0\ 51'. 40"; Mars, 0\ 46'. 40"; 
Jupiter, 0^ 59'. 30"; Saturn, 0\ 55'. 30". This mo- 
tion is in respect to the equinox. 

The Georgian planet has not been discovered long 
enough to determine the motion of it's nodes from, 
observation. M. de la Grange has found the annual 
motion to be 1 2",5 by theory. But if we take the 
density of Venus according to M. de la Lande, it will 
be20"».40"', which he uses in his tables. 
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Thus we have determined all the elements necessary 
for computing the place of a planet in it's orbit at any 
time ; but to facilitate the operation^ which would be 
extremely tedious if we had only the elements thus 
given, astronomers have constructed tables of their 
motions, by which their places at any time may^be 
very readily computed. 

Since the discovery of the Oeorgium Sidus, four 
other primary planets have been discovered : The 
first called Ceres, was discovered by M.Piazzi at 
Palermo, Jan. 1, 1801; the second^ called Pallas, 
was discovered by Dr. Others at Bremen, March 28, 
1802 ; the third, called Juno, was discovered by 
M. Harding at Lilienthal, September 1, 1804; and 
the fourth, called Vesta, was discovered by Dr. Olbers, 
March 29, I807. The following Table contains 
the elements of the orbits of the three first ; the orbit 
of the fourth is not yef computed. 



Elements. 


Ceres. 


Pallas, 


Juno. 

1 


Epoch of Mean Long. 1 805 1 
for Merid. of Seeberg j 
Long, of Aphelion - - 
Long, of ascending Node 
Inclination of the Orbit - 
Eccentricity - .. • . 
Log. of Mean Distance - 
Mean Diurn. Trop. Mot. 


30M2'.7^7 

326. 28. 4,4 
81. 0.41 
10. 37. 36 
0,0784609 
0,442004 
77lV,0524 


180 13' V',4 

301. 3.24,3 
172.30.47 
34. 37.43 
0,2461007 
0,4417647 
77r',6802 


42. 36. 36 

233.11.40 
171. 4.15 
13. 3.38 
0,254236 
0,425607^ 
8I5^95C) 



Dr. Herschel makes the diameter of Pallas VAf 
miles ; and that of Ceres l6l,6 miles. 
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Chap. XV. 

ON THE APPARENT MOTIONS AND PHASES OF THE PLANETSf, 

(I89.) As all the planets describe orbits about the 
sun as their center, it is manifest, that to a spectator at . 
the sun they would appear to move in the direction in 
which they really do move, and shine with full faces. 
But to a spectator on the earth, which is in motion^ 
they will sometimes appear to move in a direction con- 
trary to their real motion, and sometimes appear sta- 
tionary ; and as the same face which is turned towards 
the earth, is not turned towards the sun, except in con*^ 
junction and opposition, some part of the disc which 
is towards the earth will not be illuminated. These, 
with some other appearances and circumstances which 
are observed to take place among the planets, we shall 
next proceed to explain ; and as they are matters in 
which great accuracy is never requisite, being of no 
great practical use, but rather subjects of curiosity, we 
shall consider the motions of all the planets as per- 
formed in circles about the sun in the center, and 
lying in the place of the ecliptic. 

(190.) To find the position of a planet when sta* 
tionary. Let S "be the sun, E the earth, P the co- 
temporary position of the planet, Xy the sphere of the 
fixed stars; to which we refer the motions of the 
planets ; let EFy PQ, be two indefinitely small arcs 
described in the same time, and let EP^ FQ pro- 
duced, meet at L ; then it is manifest, that whilst the 
earth moves from E to JP, the planet appears stationary 
at L ; and on account of the immense distance of the 
fixed stars, EPL, FQL may be considered as paralleL 
Draw SE, SFiv, SvP^ and SQ ; then, as EP and 
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fU are parallel, the- angle i^FS-^PES^PwS^ 
PES^ E»F, mdSPw - 5QF=5t;F- SQF^ PSQ ; 

that id, the cotemporary variations of theangles E and 
P -are as ESF : PSQ, the cotemporary variations of 
the angular velocities of the earth and planet, or (be- 
cause the angular velocities are inversely as the periodic 
times, or inversely in the sesquiplicate ratio of the 

distances) as SP^ : SE^, or, (if SP : SE :: a I) as 
al : 1*. But sin. SEP : sin. SPE being as SP ; SE, 




. or, fl : 1, the cotemporary variations of these angles 
will be as tfieir tangents*. Hence, if x and y be the 
sines of the angles SEP and SPE^ we have x ly ,xa 

: 1, and >— ^ : ,^ — ^ '.\a^ : 1, whence or =2-- 

= ■' > and 0?=— 7=====5r the sine of the 

planet's elongation from. the sun, when stationary. 

Ex. If P be the earth, and E Venus ; and we take 
the distances of the earth and Venus to be 100000 and 
72333, we find a? = 0,48264 the sine of 28\ 61\ 6", 



«■ 



* See the Optics, Art. 421. 
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the eloni^ian of Venus wben statioaaiy, upon the 
supfioeitioii of circular orbits. 

For excentric orbits, the points will depend upon 
the pesitioB <of the apsides and places of' the bodies at 
the time. We may, however, ^ a very near approxi- 
mation thus. Find the time when the planet would 
be sftiooanr if the orf»it» we.* circular, and compute 
for several days, ai>out that tin^e^ the geocentric place 
of the planet, so that vou get two days, on one of 
which the planet was direct, and on the other retro- 
grade, \n which interval it must have been stationary, 
and the point of time when this happened may be de- 
termined by interpolation. 

(191.) To find the time when a planet is stationary, 
we must know the time of it's opposition, or inferior 
conjunction. Let m and n be the daily angular ve- 
locities of the earth and planet about the sun, and v 
the angle PSE when the planet is stationary; then 
HI — «, or « — m, is the daily variation of the angle at 
the sun between the earth and planet, according as it 
is a superior or inferior planet ; hence, m — w, or 

n-^m. : V :: 1 day : , or , the time from 

opposition or conjunction to the stationary points both 
before and after. Hence, the planet must be stationary 
twice every synodix:* revolution. 

Ex. Let P be the earth, JE Venus ; then by the , 
Example to Art. 190, the angle :^PE^2%''. .61',5 ; 
therefore, PSE.^IS"^ ; al^o, n — ni^S?'; hence, Sf : 
13*. i: 1 day : 21 days the time between the inferior 
conjunction and stationary pasiti<ms. 

(192.) If the elongation be observed when sta- 
tionary, we may find the distance of the planet from 
the sup, coniparfsd witli the earth's distance, supposed 



^»i^iMM*w«-ai*«-^>- 



* A' Synodic revolution is the time betweea two conjunctions of 
the same $ort, or tivo oppositUms jo£.a. jpdaoet. 
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H 
i 
t 



a' 



; hence, a^ + 



to be unity- For (190) a?* = ^^^^^ 

-5 — - X a= ;^ — -- = (if ^ = the tangent of the angle 

1 ' 

whose sine is x) a* — T a= ^' ; consequently a = — /* + / 



a/ 



1 +--, upon the supposition of circular orbits. 



(193.) A superior planet is retrograde in opposition, 
and an inferior planet is retrograde in it's inferior 
conjunction ; for let E be the earth, P a superior 
planet in opposition ; then, as the velocities are as the 
inverse square roots of the radii of the orbits, the su- 
perior planet moves slowest ; henoe, if EF, PQ, be 
two indefinitely small cotemporary arcs, PQ is less 
than E F, and on accouhtof the immense distance of 
the sphere yZ of the fixed stars, FQ must cut EP in 
some point x between P and m, consequently, the 
planet appears retrograde from mtom If P be the 




earthy and E an inferior planet in inferior conjunction, 
it will appear retrograde from v to w. These retro- 
grade motions must necessarily continue till th6 
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planets become stationary. Hence, finom this and the 
last Article, a superior planet appears retrograde from 
it's stationary point before opposition to it*s stationary 
point after ; and an inferior planet, from it's stationary 
point before inferior conjunction to it's stationary point 
after. 

(194.) If iSbe the sun, E the earth, F Venus or 
Mercuiy, and EF'u tangent to the orbit of the planet, 




then will the angle SEF' be the greatest elongation 
of the planet from the sim ; which angle, if the orbits 
were circles having the sun- in their center, would* be 
found by saying, ES : SF :: rad, : sin. SEF. But 
the orbits are not circular, inconsequence of which the 
angle EVS will not be a right. angle, unless the 
greatest elongation happens when the planet is at one 
of it's apsides. The angle 8EV is also subject to an 
alteration from the variation of SE and 8f^. The 
greatest angle S£f^ happens, when the planet is in it's 
aphelion and the earth in it's perigee \ and the least 
angle SEVy when the planet is in it's perihelion and 
the earth in it's- apogee. M. de la Jjande has calcu- 
lated these greatest elongations, and finds them 47^* 
48^ and 44"*. 67' for Venus, and 28^ 20' and I?*". 36' 
for Mercury. If we take the mean of the greatest 
elongations of Venus, which is A&K 22',5, it gives the 
angle FSE=43''. a7',5 : and as the difference of th^ 
daily mean motions of Venus and the earth about the 
fun is 37', we have 37' : 43^ 37',5 ::^ 1 day : 70,7 
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days, the tiifle that would elapse between the greatest 
elongations and the inferior conjunction, if the mo^ 
tions had been uniform, which will not vary much 
from the true time. 

(196.) To delineate the appearance of a planet at 
any time. Let S be the sun, E the earth, /^ Venus, 





lor example; aFb the plane of illumination perpen- 
dicular to SFj cFd, the plane of vision perpendicular 
to EFj and draw av perpendicular to cd^ then ca is 
the breadth of the visible illuminated part, which is 
^projected by the eye into ct;, the viersed sine oi Cva, 
or SFZf for SFcis the complement of each. Now 
the circle terminating the illuminated part of ^he 
planet, being seen obliquely, appears to be an ellipse 
(Con. Sect p. 37^; therefore, if cmdn represent the 
projected hemisphere of Venus next to the earth, m n, 
c d, two diameters perpendicular to each other, and we 
take ct;=the versied sine of SVZ^ and describe the 
ellipse ifttm, then c^ is the axis minor, and mcnvm witl 
represent the visible enlightened part, as it appears at 
the earth ; and from the property of the ellipse (Con. 
Sect. Ell. Prop. 7. Cor. o.), this area iraries as cr; 
Hence, the tisible enlightened part : the whole disc ;; 
the versed sine- cf SFZ : diameter. 
' Hence, Mercury and Fenus will have the same 
phases from thejr inferior ^ to their superior conjunct* 
tion^ as the moon has from the new to the full ; - and 
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the same frooi tbe superior to the inferior eo^jonctioil^ 
a9 the. sioon has from the full to tbe new. Mars will 
appear gibbous in quadratures, as the aiigle Sf^Z will 
tnen differ considerably from two right angles^ ani 
toiisequently tbe versed sine will sensibly differ from 
the diameter. For Jupiter^ Saturn^ and the Georgian^ 
the angle SVZ never differs enough from two right 
angles to make those planets appear gibbous, so that 
they always appear full-orbed. 

(196.) Let V be the moon; then as EV \s very 
small compared with F'S, ESj these lines will be very 
nearly parallel, and the angle SF'Z very nearly equal 
to S Ef^; hence, the visible enlightened part of the 
moon varies very nearly as the. versed sine of its 
elongation. 

(197.) Dr. ^a//ey proposed the following problem : 
To find the position of Fenus when brightest, suppos- 
ing it's orbit, and that of the earth, to be eircles, having 
the ran in ihmr center. Draw Sr perpendicular td 
EFZ,mdpntaz=.SE^bsrSr,s:^Er,y^Fr;then 
h^y is the versed sine of the angle S^Z, which 
versed sine varies as the illuminated psul ^ and as the 
intensity of light varies inversely as the square of' it's 
distance^ the quantity of light received at the earth 

varies as -~ - -,- —; but by Euclid, B» II, P. 13. 
a*5=6*+ Jp* + aopy ; henee, ^=; — ~ — r-^ ; ; substitute 

46 X 

this fory, and we get the Quantity of light to be a^ 
•*t*" "" *' Q^' " " ^ ' ' ^Vs ' * ' ' ''*=ft'n|a3umiiqi-; put 
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the fluxioQsO, a^d we giet a? = v 3a*+. 6 V 3&. Now, 
if a=l, &=,73333, as in, pr. /&/%!$. Tab^Si then 
ar=^ ,43036 ; hence> the angle ESF^iir. 2X\ but th^ 
angle ESF^ at the time of the planet*s. greatest elonga- 
tion, is 43''. 40''; heec^ Vepua is. hfighteafc between it'a 
inferior conjunction aq4 it*s,great?st. elongation ; also, 
the ang^ SffFs^SQp. 44^ thei elo^^tiou of Venus 
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AND pAAhti 6t l*Hfi l^tAKEtS. tSt 

■.,?-. '. • ' * ■' , - 

from t%e siin af the same tithe, an^ z SP^z=: P'$M4^' 
f^J0S=62^. 5\ the versed sine of which is 0,53, radius 
being unity ; hence (1^^)^ the visible enlightened' 
part ; wKple disc, :; O^oS : ? ; Venus therefore appears 
afittte more than one foi^rth illiiminated, and answers 
to the apipearance of the moon when five days old* 
Her diameter here is about 39'', and therefore the en- 
lightened part is about 10'V25. At this time, Venus 
is bright enough to cast a shadow at night. This 
situation happens about 36 days befcNre and afler it*s 
inferior conjunction ; for, supposing Venus to be in 
conjunction with the sun, and when seen from the 
sun to depart from the earth ^ the rate of 37' in 1 day, 
we have 3f : 23^. 21' :: 1 day : 36 diiys nearly, the 
time from conjugation till Venus is brightest 

(198.) If we apply this to Mercury, 6=6:,3171> and 
a?= 1,00068 ; hence, the angle ESV^J^"^. 56't; but 
the same angle, at the time of the planet's greatest 
elongation, is 67^. 13'{. Hence, Mercury is brightest 
between it*s greatest elongation and superior conjunc- 
tion. Also, the angle 5'iBf^=22^ IS'i:, th6 elonga- 
tion of Mercury at that time. 

(199.) When Venus is brightest, and at the same 
time is at it's greatest north latitude, it can then be 
sa^Q Yf^XYip m^ 6ye at ftny jtinie of the day,^:irrtiear 
it is above the horizon; for wji^ it's porth . laMtuda i^; 
tb^ greatest; it risfe^ :higbest above the horizpt}, and 
therefore is more easily seen, the. rays of light having: 



to come throjugba ,1^ ps^t of the atmosphere, th<^ 
. higher ^e *l^b4y i«: Thi^' haf^ens once in ^ about ei^t^^. 
i years, Venus and the earth returning to t^e same 

pevts <^f th«ir orbits after^ ttiat interval of .timi^, • 
' (200.) VenUB is a morning star from inferior to sti- 

' perior! qonjunetkin^ Bod an evening stttr frolm superior 

' to inferim* conjunction. For let ^be the sun, J? the 

eardi, ACBD the orbit of Venucf, arm^ csuy two tdn*« 
^ gents to the eartb> representing the horizon at a and c. ^ 

» Then theeartb, revqJving about it's axis according to; 

' the order abc^ wHen a spectator is at a; the part rCiii 

12 
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c^ the orbit of Venus is above the horizon, but the sun 
is not yet risen ; therefore Venus, in going from r 
through C to m, appears in the morning before sun* 
rise. When the sjpectator is carried by the earth's ro- 
tation to c, the sun is then set, but the part nDs of 
Venus' orbit is still above the horizon; therefore^ 




Venus^ In going from n through D to s, appears in 
the evening after sun-set. 

(301.) If two planets revolve in circular orbits^ to 
find the time from conjunction to conjunction. Let 
P=the periodic time of a superior planet, p=:that of 
an inferior, ^=the time required. Then P : 1 day :: 

sSv 

36o^ : --jp the angle described by the superior planet 

360* . 
In 1 day ; for Hie same reason^ is the angle de- 



P 



36& 



scribed by the inferior planet in 1 day; hence^ • — 

•36(f • 

-^ is the daily angular velocity of the inferior planet 
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frtm £he 8uperi(n>. Now if they set out from con- 
junction, they wiir return into conjunction again after 

the inferior planet has gained 36o* ; hence^ — — ~ 

-jgp : 360*" :: 1 day : /as gr^- Th^* ^'^ ^^ g^^^ 

the time between two oppositions^ or between any two 
similar situations* 
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(202.) The moon being the nearest, and after the 
sun, the most remarkable body in our system, and 
also useful for the division of time, it is no wonder 
that the ancient astronomers were attentive to discover 
it's motions ; and it is a very fortunate circumstance 
that their observations have come down to us, as from 
thence it's mean motion can b^ more accurately 
settled, than it coald have been by modern observations 
only ; and it moreover gave occasion to Dr. HaUey^ 
from the observations of some ancient eclipses, to dis- 
cover an acceleration in it*s mean motion. The proper 
motion of the moon, in it's orbit about the earth, is 
from west to east ; an<J from comparing it*s place with 
the fixed stars in one revolution, it is found to describe 
an orbit ipclined to the ecliptic ; it's motion also ap- 
pears not to be uniform ; and the position of the orbit, 
and the line of it's apsides are observed to be subject 
to a continual change. These circumstances, as they 
are established by observation, we come now to explain. 

To determine the Place of the MoorCs Nodes. 

(203.) The place of the moon's nodes may be de« 
terminedasin Art. 185, or by the following method. 

In a central eclipse of the moon, the moon's place at 
the middle of the eclipse is directly opposite to the sun, 
an^ the moon must also then be m the node ; calcu* 
late therefore the true place of the sun, or, which is 
moie exact, find it's place by observation, and the 
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opfkMite' point mil be the true place of the tnoon^ and 
eonseqiretitty the jrtace yyf it's node. 

Et. M. Ca^tii, in^ hi$ Astronomy, p. S8 1 , informs 
us, that on April 16,1707, a central eclipse was ob- 
served at Pari?, the middle- of yA\\t\i was determined 
to be M 13 A. 46'apparent time. Kow the true place 
of the %tm^ cafctilafted ft>r that time, was O*. 26*. I9' 
1 f ; henfce, the plAce of the wiooh's nbde Was 6^. 26^. 
1^. 17". ThV tooort pa^ed firpm north ta south 
latitude, and thi^rrifore this Was the descending node. 

(204.) To determine the mean motion of t-he nodes, 
fitid (803) the place of -the nod^ at difiereiit times, 
and it will give their biotion in the interval; and the 
greater the interval; the more accurately you will get 
^e mean motion. Mayer makes the meail annual tno« 
lion of the nodes to be 12^. I9'. 43'', 1. 

On the Inclinathn of the Orhit of the Moon to the 

Ecliptic. 

• « » 

. (205.) To determine the . inclination of the orbit, 

observe the moon's right ascensipn and declination 

when it is 90"^ from it's nodes, and thence compute it's 

latitude (i]4), which will be the- inclination at that 

time. Repeat the observation for every distance of 

the sun from the earth, and for every position of the 

sua in respect to the moon's nodes, and you will get 

the inclination at those times. From these observa* 

tions it appears, that the inclination of the orbit to the 

ecliptic is variable^ and that the least inclination is 

about 5"", which is feund to happen when the nodes, 

are in quadratores ; and the greatest is about &"*. 1 8', 

which is dbserved to happen when the nodes are in 

syzygies. The inclination is also found to depepd upon 

the sun's distance from the earth. . 

• ' ■ . * 

On tJte mean Motion of the Moon. 

(306.) The mean motion of the moon is found 
from observing it's pilace at two different times, ^nd 
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you get the mean motion in that interval, snppo^iig, 
the moon to have had the same situation in respect to 
it*s apsides at each observation ; and if not> if there be 
a very great interval of the times, it will be sufficiently 
exact. To determine this, we must oompare together 
the moon*8 places^ first at a small interval of time from 
each other, in order to get nearly the mean time of a 
revolution ; and then at a greater interval, in order to 
get it more accurately. The moon*s place may be 
determined directly from observation, or deduced from 
an eclipse. 

(207.) M. Cassinij in his Astronomy, p. ^94^ obr 
serves, that on September 9, 17 18, the moon was 
eclipsed, the middle of which eclipse happened at 8^* 
4', when the sun's true place was 5K l&. A0\ This 
he compared with another eclipse, the middle of which 
was observed at 8 A. 32'. on August 29, 1719> when the 
sun*s place was 5^ 5^. Af. In this intend of 3b Ad. 
28' the moon made 12 revolutions and 349*. T over; 
divide therefore 3bAd. 28\by 12 revolutions +3 49% 
7'. part of a revolution, and it gives 27^. 7h. & for the 
time of one revolution. From two eclipses in l699» 
1717, the time was found to be 27rf. 7A. 43'. 6". 

(208.) The moon was observed at Paris to be 
eclipsed on Sept. 20, 1717> the middle of which eclipse 
was at 6h. 2'. Now Ptolemy mentions, that a total 
eclipse of the moon was observed at ^Babylon on 
March 1 9, f20 years before J. C. the middle of which 
happened at Qh. 30', at that place, which gives 6h. 48' 
at Paris. The interval of these times was 2437 years 
(of which 609 were bissextiles) 147 days w^titing 46'; 
divide this by 27^. 7 A. 43\ 6", and it gives 32586 re- 
volutions and a little above |. No^ the difference of 
the two places of the sun, and consequently of the 
moon, at the times of observations, was 6*. 6^. 12'. 
Therefore, in the interval of 243 7y. 174cf. wanting 46', 
the moon had made 32585 revolutions &. 6°. 12', 
which gives 27^. 7 A* 43'. 5" for the mean timp of a 
revolution. This, determination is very exact, as the 
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tnoon'was at. each time very nearly at the same dis- 
tance from it's apside. Hence, ihe mean diurnal mo^ 
tion is 13^. 10'. 35'", and the mean hourly motion 33\ 
b&\ 27'^'i* M. de la Lande makes the mean divrnal 
motion 13^ \0\ 35%027843j94. This is the mean 
time of a revolution in respect to the equinoxes. The. 
place of the i^ioon at the middle of the eclipse has here 
hcen taken the same as that of the sun, which is not 
accurate, cfxcept for a central eclipse ; it is sufficiently 
accurate, however, for this long interval. 

(209.) As the precession of the equinoxes is 50",25 
in a year, or about 4" in a month, the mean revolution 
of the moon in respect to the fix^ stars must be 
greater than that in respect to the equinox, hy the 
time the moon is describing 4!' with if s mean motion, 
which is about 7"- Hence, the time of a sidereal re- 
volution of the moon is 27rf. ^h. 43'. 1 2". 

(210.) Observe accurately the place of the moon 
for a whole revolution as often as it can be done^ and 
by comparing the true and mean motions, the greatest 
difference will be double the equation. If two ob- 
servations be found, where the difference of the true 
aiid mean motions , is nothing, the moon must then 
have been in it's apogee and perigee (168).' Mayer 
makes the mean excentricity 0,05503568, and the 
corresponding greatest equation 6*. 18'. 31 ^'6. It is 
&. 18'. 32" in his last Tables, published by Mr. 
Mason^ under the direction of Dr. Mashelyne. 

(211.) To determine the place of the apogee, from 
M. C(w.«>ifs observations, we have the greatest equa- 
tion==5^ 1'. 44"5 r therefore (171), 57^. 17'.48"8 : 
2*. 30'.52"25 :: -^C=100p00 : C* = 4388 for the 
moon*s excentricity at that time*; Now (Fig. p. 101 .) 
let V be the focus in which the earth is situated ; theii 



* The excentricity of the moon's orbit is subject to a yariatiofu 
jt being greatest when the apsides lie in syzygies, add least when 
in quadratures* 
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(169) supposing QSP to be the mean, anomaly, aa 
QdP is the true anomaly, their diflference SPi9 is the 
equation of the orbit, which equation is here S7^ 
50",6 J and'as PS:=^Pr, the angle vrS^ 18'. 56",25 ; 
hence, (Trigonometry, Art IM) vSiszSfjS : vr^ 
900000 :; sin. vrSss 18'. 55^,25 : sin. vSr, or QSr^^ 
f. \2\ 20", from which take vrS=l«'. 65",25, and 
w« have QvPxs6^. 63'. 25" the distance of the moon 
from it*s apbgee; add this to 2«. 19^. 40', the true 
place of the moon, and it gives V. 26^ 33'. 25" for the 
place of the apogee on December 10, l685, at lOA. 
38'. 10" mean time at Paris. This therefore may be 
considered as an epoch of the place of the apogee. 

. To determine the mean Motion of the Apogee. 

(212.) Find it's place at different times, and oom« 
pare the difference of the places with the interval of 
t^e time between. To do this, we must first compare 
observations at a small distance from each other^ lest 
we should be deceived in a whole revolution ; and then 
we can. compare those at a greater distance. The 
mean annual motion of the apogee in a year of 365 
days is thus found to be 40''. 39'. 50"^ aoocnrding to 
Jjiayer. Horrw^ from observing the diameter of the 
moop, found the apogee sutgect to an annual equation 
of:12%5, 

(213.) Tiie mo^on of the moon faavii^ been ex* 
acnined for one month, it was immediately discovered 
that it was subject to an irregularity, which sometimev 
amounted \o ^^ or 6®^ but that this irregularity disap- 
peafed ^hout every 14 ()ays. And by continuing the 
observation;^ for diflferent months, it also appeared^ that 
the points where the inequalities were the greatest, 
were not fixed, but that they moved forwards in the 
heavens about S^ in a month, so that the motion of tiie 

i^oon, in respect to it's apogee, was about— less than 

its absolute motion; thus it appeared that the apogee 
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had a progressive motion. Ptolemy determined this 
^j^ jn^u^tity,. Of w\m^im of tfaa odoit^ from thtee 
lanar e^ipagti (ihs^nr^ i» the. jrears /l^and 720^ 
before J. C. at Babylon by the Chaldeans; from 
which he found it amounted to 5^. 1^ when at it'ji 
greatest; '< ^ But he soon discovered thfift this inequality 
would '-^li^^^Golint for all' the irregularities of the 
mooni. . Tbe distancci of the moon from the' sctn^ ob« 
served >.l90th^ by Hipparclms KtA himself^ sometim^^ 
' agreed wifh this inequality, anc} sometimes it did not. 
He found that when the apsides of the moon*s orbit 
were .in ^ quitdratures^ this ^first inequality \f ould give 
the m^obn s jplace very well ; but that when the apsides 
were in syzygie^, he discovered that there was a further 
inequality of about 2^-§-9 which made the whole ine- 
quality ahou^ 7^^« T\ii% second inequality is called 
the tlvection^ and arises from a change of eccentricity 
of the mooQ> orbit* The in^uality of the moon was 
therefore found, by Ptolemy, to vary from about 3^ tp 
7^-S-, and hence the mean quantity was €*. SO'. Mbyer 
*iake»i;e 6^; irSVai'^,*. it is very extraorditiai^, tW 
Ptolemy should have determined this to so gi^t % 
dej^fee df a^iktocy. • ' Wecannot here enter any further 
kilo <thi^ ine^uialitiefrbf the motion of the moon. They 
yrho ivjstf t^ 4?(9 iwH^ em this 9i^ect> mayoonsisliftijr 
Complete System of Astronomy. 
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114.) Times of the RevobOions of the Moon^ of ifg. 
Apogee and NodeSy as determined hy M. de la 
Lande. 



Tropical revolution 
Sidereal revolution 
Sjmodic revolution 
Anomalistic revolxiUioQ 
Revolution in respect 1 



37*. 7*. 43'. 4^6795 
27. 7. 43. 11,5259 
29.12. 44. 2,8283 
27*13. 18. 33,9499 

27. 5. 5. 35,603 



to the Dode 
Tropiod revolution | 3, 3^^ g g^ g 
of the apogee - J # > # # 



orj 



8.312.11. 11. 39,4089 
18. 328. 4. 52. 52,0296 
18. 223. 7. 13. 17,744 . 

I 

- . 13^ lO'. 35^02784394 



Sidereal revolution of 

t^e apogee 
Tropical revolution ) 

of the node - - J 
Sidereal revolution of ) 

the node * * * ) 
Diurnal motion of^ 

the moon in respect V 

to the equinox - 3 
Diurnal motion of the apogee O. . 6. 4l,Ob'981519S 
Diurnal niiotion of the node ^ 0. 3.10,638603696 

The years here taken are the common years of 365 
days. 

On the Diameter of the Moon. 

(215.) The diameter of the moon may be measured^ 
at the time of it's full, by a micrometer; or it may be 
measured by the time of it*s passing over the vertical 
wire of a transit telescope ; but this must be when the 
moon passes within an hour or two of the time of the 
full, before the visible disc is sensibly changed from a 
circle. To find the diameter by the time of it^s 
passage over the meridian, let d' = the horizontal di- 
ameter of the moon, C3=sec. of ifs declination, and m 
ssthe length of a lunar day^ or the time from the 
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passage of the moon over the meridian 6n*the day we 
calcakte, to the passage over the meridian the next 
day. Then (102) c^l is the moon's diameter ii^ .right 
ascension ; hence, S60P : cd' :im i the time (t) of 

passing the meridian ; therefbreif' :r 36(y k -*-*« If .we 

observe when the limhof the moon comes to the 
meridian, we can find the time when the center comes 
to it, by adding to, or subtracting from, the time when 
the first or second limb comes to the meridian, half 
the time of the passage of the moon over the meridian. 
The time in which the semidiameter of the moon 
passes the meridian, may be found by two Tables^ in 
the Tables of the moQn^s motion. 

(21 6.) Albategfrius made the diameter of the moon 
to vary from 29'. 30" to 35'. 20", and hence the mean 
h 32'. 25". Copernicus found it from 27'. 34". to 35'. 
38", and therefore the mean 3l\ 36". Kepler made 
the mean diameter 31^ 22^. M. de la Hire made it . 
31'. 30". M. Cassifd made the diameter fixim 39'. 
30" to 33'. 38". M. dela Lande^ from his own oh- 
aervations^ found the mean diameter to be 3 1'. 26"; 
the extremes from 29'. 22^' when the moon is in^ 
ap(^ee and conjunction, and 33'. 31" when in perigee 
sind opposition. The mean diameter here taken, is 
the arithmetic mean between the greatest and least, 
diameters; the diameter at the mean distance is 

3 1'. 7". 

(2 17-) When the moon is at different altitudes 




above tlie horieoni it i3 at different diM«ncm fipodi the- 
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i^wctalor, atod thctafere tkeite 19 ^ dhaiige of itie appa-< 
lent dimneter. Let C be the oetitir oi' th^ earth, A 
thie plaee of a npeetktor dil k*s surfkoe/^^ hn zenith; M 
the moan;^ tbtti^ (OVig. Aft. 1 28) sm. CAM, or ^^^^ : 

aiau BCM:: gitf r'^i^ ^^ .^ ''j? ' ^^^ ; but the 
apptetrent'tliaHnt^r i» inV^ely lis* i<> distance ; he^nce, 

constaot Now, in the horimtl, -r ' 
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may be considered as equal to unity ; tien^e, Jl :, 

<■ ' * f^rym^ i OF sin. ZCM X titi. ZAM. 6r<*os:tme a!t.' 

sin. ZCM' \ ' ' ^ 

(a) : COS. apparent alt. (A) :i the horizonti^l ditny^ter n 
the diameter at the apparent altitude (A)* Hi^pc^i 
the horizontal diameter : it's increa se ;: cog>(g* CQS,r ^. 
—COS. a ^ (Trig, Art 111) 3 $in. iit 4* | -4 k simi 
^ a^ §^ ; therefor^ thd i ncrease of the #g midiirtiieter 

, ... , sinffl- +^^ >c sih.*|iy-t^ 

S3 nor. semidiameter x " ■ ■■ ^ ■ ■ > ' ^ . > - ^" i -f 

* coff. a 

from this we may easily constructa table of the increase. 

of the semidiameter for any horizontal setnidiameteiv. 

fttld then for any other' horizontal semidi^meterj the 

increase will vary in the same proportion.. 
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On (he Phaser of the Moon. 

(218.) By Art. I96, the greatest breadth of the 
visible illuminated part of the moon's surfeoe, varies as 
the versed sine of the moon's elongation from the sun, 
very nearly ; and the circle terminating the light and 
darV part, being seen obliquely, appears an ellipse ; 
hence, the following delineation of the phases. Let£ 
be the earth, 8 the sun, M the m«K>n ; describe the 
circle abcd^ representing the hemisphere of the moon 
wib&qh if toiracdi'the eiMb> proje<2ed^i^ 
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isi vision; ifCy dby torn: diameters perpendicdlar to eadi 
«ther ; ta^ ^^asthe versed sine of efongatton S^M, 





and describe the ellipse ore, and* (1 95 )'arfcya mil re- 
present the visible enlightened part; which veill be 
homed between conjunction and quadratures ; a semi* 
circle at quadratures ; and gibbous between quadra- 
tures and opposition; the versed sine being less than 
radius! in the first case, ^nal to it in the second, and 
greater in the third. The visible enlightened part 
varying zs dv, we have, the visible enlightened pcirt t 
whole :: versed sine of elongation : diameter. 

On the Libration of the Moon. 

(219.) Many Astronomers have given maps of the 
facQ of the moon ; but the most cerebrate4 are those 
of Hevelius in his Selenographia, in which he has re« 
presented the appearance of the moop in it's difiefentt 
states from the new to the full, and from the, full to the, 
new; these figures Mayer prefers. ., I^angremAs and* 
Hicciolw denoted the spots upon tl|e /surface by the; 
names of Philosophers, Mathematicians, . and other, 
celebrated men, giving the names of the most cele^j/ 
brated characters to the largest spots ; JE{<n;e/^ marked; 
them with the gecgrap^al names of pl^apes upon tbej 
earth. The fi>rmtr distinction is now generally fyU, 
lowed. i. r .. ,\ , 

The spots upon the moon are caused l)y the moun- , 

tains and vallies upon it's surface; foir^cerUi^ l^rts are^ 

I fpund to project shadows opposite tp the son; an4. 
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when the ran becomes vertical to tfny of tiiem^ they 
Are observed to have no shadows ; these therefore are 
mountains ; other parts are always dark on that side 
next to the sun^ and illuminated on the opposite side; 
these therefore are cavities. Hence^ the appearance 
of the face of the moon continualiv varies, from it's 
altering it*s situation in respect to the sun. The tops 
of the mountains, on the dark part of the moon, are 
frequently seen enlightened at a distance from the 
cosines of the illuminated part, llie dark parts have, 
by some, been thought to be seas, and by others, to be 
only a great number of caverns and pits, the dark sides 
of which, next to the sun, would cause those places to 
appear darker than others. The great irregularity of 
the line bounding the light and dark part, on every 
part of the surface^ proves that there can be no very 
large tracts of water, as such a regular surface would 
necessarily produce a line, terminating the bright part, 
perfectly free from all irregularity. If there was mucl^ 
water upon it^s surface, and an atmosphere, as con* 
jectured by some Astronomers, the clouds and vapours 
might easily be discovered by the telescopes which we 
have now in use i but no such phaenomena have ever 
been observed. 

(320.) Very nearly the same face of the moon is 
always turned towards the earth, it being subject only 
to a small change within certain limits^ those spots 
which lie near to the edge appearing and disappearing 
by turns ; this is called if s LtbratioHy and arises from 
four causes. 1 . OaUteo, who first observed the spots 
of the moon after the inventionof telescopes, discovered 
this circumstance ; he perceived a small daily variation 
arising from the motion of the spectator about the 
center of the earth, which, from the rising to the setting 
of the moon, would cause a little of the western limb 
of the moon to disappear, and bring into view a little 
of the eastern limb. H. He observed ^likewise, that 
the north and south poles of the moon appeared and 
disappeared by turns ; this arises from the axis of the 
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nioon not bekig perpendicular to the plane of it*a 
orbit^ and is called a Ubration in latitude S 3. Frdna 
the unequal angular motion of the moon about the 
earthy and the uniform motion of the itioon about, it's 
asds^ a little of the eastern and western parts must 
gradually appear and disappear by turns, the period of 
which is a month, and thn is called a libi:%tion: in 
hngitude; the cause of this libration was first assignedl 
by RicdoluSy but he afterwards^ gavis it up, as he made 
many observatioos which this^ suj^osltion would not 
satisfy. HeveUuSy however, found that it would solve 
all . the pliaenOmena of this libration* 4. Another 
cause of libration arises from the attraction cf the earth 
upon the oioon^ in consequence of it's spheroidical 
figure. 

(331.) If the angular velocity of the moon about it's 
axis were equal to it's angular motion about the eartli^ 
the libration in longitude would not take place. For 
if £7 be the earth, abed the moon at t; and w, and 4Wc 




be perpendicular to Ebvd ; then abc }s that hemi'- 
sphere of the moon at v next to the earth. When the 
moon comes to w^ if it did not revolve about it's axis^ 
bwd would be parallel to bvd, and the same face would 
hot lie towards the esuth. But if the moon, by re- 
volving about it's axis in the direction abed, had 
brought b into the line Ew, the ^arne face would have 
been turned towards the earth ; and the moon would 
have revolved about it's axis through the angle bwE, 
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^ieh is tqual to the slternate angle wBv^ the ai^le 
whidi the moon has deseribed about the earth. 

(203.) When the moon returna to the saime point 
of it's orbit, the tame face is observed to lie towards 
the earth, and therefote (301) the time 6F the revola* 
tion in it*s orbit is eqnal to the time about it*s axis. 
But in the intermediate points it varies, sometimes a 
tittle more to the east, and sometimes to the west, be* 
oomes visible ; and this arises from it*s unequal angulaf 
motion wEv about the earth, whilst the angular mo- 
tion about if s axis is equal, in consequence of which 
these two angles cannot continue equal, and therefore, 
by the last article, the same face cannot continue to- 
wards the earth. HencQ, the greatest libratioo in 
hngitude is nearly equal to the equation of the orbi^ 
or about 7^^ at it's maximum, and would he accu- 
rately BO, if the axis of the moon were perpendicuhr 
to it*s orbit ; far the difference of the moon's mean 
motion and true asoticm^ or the equation of the orbit^ 
is the same as the difference of the moon's motion about 
it's axis and it's true motion, which is the libration. 
The same face will be towards the.earth in apogee and 
perigee, for at those points there is no equation of the 
orbit. If £ be the earth, 3/ the moon, pq it's axis^ 
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not perpendicular to the plane of the orbit ab ; then at 
a the pole /I will be visible to the earth, and at b the 
pole q will be visible ; as the moon therefore revolves 
about the earth, the poles must appear and disappear 
by turns, causing the libration in latitude. This is 
exactly simitar to the cause of the variety of our sea- 
sons, from the earth's axis not being perpendicular to 
the plane of it*s orbit. Hence, nearly one half of the 
moon is never visible at the earth. Also, the time of 
it's rotation about it's axis beiog a month, the length 
of the lunar days and nights will be about a fortnight 



LIBHATIOlf or THB MO<M. I4f 

tftch^ they being subject but to a very small change, 
oa accomit of the axis of the moon being nearly per- 
pendicular to the ecliptic 

(223.) He^felius (Seknogrofbia, p»245.) observed, 
that mhBXh the moon was at it's greatest north latitude, 
the Kbration in latitude was the greatest, the qpots 
which are situated near the northern limb being tneh 
nearest to it ; and as the moon departed from tkence> 
the spots receded from that limb^ &nd when the moon 
came to it's greatest soul^h latitude, the spots situated 
near the southern limb were then nearest to it This 
variation he found to be about l'. 45", the diameter <^ 
the moon being 30'; Hence it follows, that when the 
jBooa is at it's greatest latitude, a plane drawn through 
the earth and moon perpendicular to the plane olP tne 
moon's orbit, passes through the axis of the moon ; 
consequently the equator of the moon must intersect 
the ecliptic in a Hne parallel to the line of the nodes of ^ 
the moon's orbit, and therefore, in the heavens, the 
nodes of the moon*s orbit and of it*s equator coincide. 

(224.) It is a very extraorctinaTy circumstance, that 
the time of the moon's revolution about it*s axis should 
be equal to that in it's orbit. Sir /. Newton, firom the 
altitude of the tides on the earth, has computed that 
the akitnde of the tides on the moon's surbce must be 
^ 93 f^ty and therefore the diameter of the moon p^- 
pendicular to a line drawn from the earth to the moon, 
ought to be less than the diameter directed to the earth, 
by 166 feet ; hence, says he, the same face must al- 
ways be towards the earth, except a small oscillation ; 
for if the longest diameter should get a little out of 
that direction, it would be brought into it again by 
the attraction of the earth. The supposition of D. de 
Mahran is, that that hemisphere of me moon next the 
earth is more dense than the ofrposite one, .and henoe, 
Aa same face would be kept towards the earthy upon 
the same principle as above. 

(925.) When the moon is about three days from 
tltt WBfip tfae dark part il very vkibk^ by the Hght re- 

K2 
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fleeted from the earth, which is tnoon-light to 
Lunarians, considering our earth as a moon to them ; 
and in the most favourable state, some of the principal 
spots may then be seen. But when the moon gets 
into quadratures, it's great hght prevents the dark part 
from being visible. According to Dr. Smith, the 
strength of moon -light, at the full moon, is ninety 
thousand times less than the light of the sun ; but^ 
fiv)m some experiments of M. Bouguer, he concluded 
it to be three hundred thousand times less. The light 
of the moon, condensed by the best mirrors, produces 
no sensible eflect upon the thermometer. Our earthy 
in the course of a month, shows the same phases to the 
Lunarians, as the moon does to us ; the earth is at the 
full at the time of the new moon, and at the new at the 
time of the full moon. The surfece of the earth being 
about 13 times greater than that of the moon, itaflbrds 
13 times more light to the moon than the moon does 
to the earth; 

On the Altitude of the Lufinr Mountains. 

(226J) The method used by Hevelius^ and others 
since his time, to determine the height of a lunar 
mountain is this. Let SLM be a. ray of light from 




the nn, passing the moon at L, and touching the top 
of the mountain at M\ then the space between Zrand 
jif appears dark. With a micrometer, measure LM^ 
and compare it with LC% then, knowing LQ we 
kn ow LM, a nd by Eucl. B. I. p. 4/. CM = 

^CL^+LSP is known ; ftom whidi subtract C^ 
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toll we get the lieight pM of the mountain* But as 
Dr. Herschel observes, in the Phil. Trans. 1781, this 
method is only applicable when the moon, is in quadra- 
tures; he has therefore given the following general 
method. Let E be the earth ; draw EMn and Lo 
perpendicular to the moon's radius 12 C, and Lr 

Sarallel to on, also ME perpendicular to SM* Now 
IL would measure it's full length when seen from the 
earth in . quadratures at K^ but seen from Ey it only 
measures the length of Lr. As the plane passing 
through SMj EM, is perpendicular to a line joining 
the cusps, the circle RLp may be conceived to be a 
section of the moon perpendicular to that line. Now 
it is manifest, that the angle SLo or LCR, is very 
nearly equal to the elongation of the moon from the 
sun ; and the triangles LrM, LCo, being similar, Lo 
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Lr 
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: LC :: Lr : Lil/= j =-. . , . , 

Lo sme of elongation 

dius 'being unify. Hence, we find Mp as before. 

Ex. On June, 1780, at seven o'clock, Dr. Herschel 
found the angle under which LM, or Lr appeared, to 
be 40'',625, for a mountain in tlie south-east quadrant; 
and the sun's distance from the moon was 136^8^, 
whose sine is ,8104; hence, 40^625 divided by ,8 1 04, 
gives 50'',13, the angle under which LM would ap- 
pear, if seen directly. Now the semidiameter of the 
moon was l6;« 2'',6, and taking its length to be IO90 



]nile%weiiavel6'.3'^6: 50V3 :: 10^ : Xilf» 56,73 
milea; hence, Mpsz 1^47 miles. 

(MJ.) Dr. Herschel found the height of a great 
many more mountains, and thinks he has good reason 
to believe, that their altitudes are greatly over-rated ; 
and that, a few eiccepted, they generally do not exceed 
half a mile. He observes, that it should be examined 
whether the mountain stands upon level ground, 
which is necessary, that the measurement may be 
exact. -A low tract of ground between the mountain 
and the sun will give it higher, and elevated places 
between will make it lower, than it's true height above 

the common sur&ce of the moon. 

• 

(228.) On April 19, 1787, Dr. Herschel disoo/f&ed 
three volcanos in the dark part of the moon; two o& 
them seemed to be almost extinct, but the third 
showed an actual eruption of fire, or luminous matter, 
resembling a small piece of burning charcoal covered 
by a very thin coat of white ashes ; it had a degree of 
brightness about as strong as that with which such a 
coal would be seen to glow in faint day-light. The 
adjacent parts of the volcanic mountain seemed faintly 
illuminated by the eruption. A similar eruption ap- 
peared on May 4, 1783. Phil. Trans. 1787. On 
March 7) ^Td'^i ^ f^^ minutes before eight o'clock in 
the evening, Mr. fFilkinSy of Norwich, an eminent 
architect, observed, with the naked eye, a very bright 
spot upon the dark part of the moon ; it was there 
when he first looked at the moon ; the whole time he 
saw it, it was a fixed, steady light, except the moment 
before it disappeared, when it's brightness increased ; 
be conjectures that he saw it about five minutes. The 
same phsenomenon was observed by Mr. T. Stretfon, 
in St. JohnVsquare, Clerkenwell, London. Phil. 
Trans. 1794. On April 13, 1 793, and on February 
5, 1794, Mr. Piazzi, Astronomer Royal at Palermo, 
observed a bright spot on the dark part of the moon, 
near Aristarcbtis. Several other Astaronom^s have 
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observed the same phaeaomenon. See the Memoirs 
de BerHn^lor ifSB. 

(229O I^ ^^^ l^^*^ ^ doabt amongst Astronomers, 
whether the moon has any atmosphere ; some suspect- 
ing that at an occultation of a fixed star by the moon, 
the star did not vanish instantly, but lost it's light 
gradually ; whilst others could never observe any such 
i^ppea.rance. M. Schroetar of LIUanthan, in the duchy 
of Bremen, has endeavoured to establish the existence 
of an atmosphere, from the following observations* 
1. He observed the moon when two days and an 
half old, in the evening soon after sun-set, bef9re the 
dark part was visible, and continued ta observe it till it 
became visible. The two cusps appeared tapering in 
a very sharp, faint prolongation, each exhibiting it*& 
farthest extremity faintly illuminated by the solar rays, 
before any part of the dark hemisphere was visible. 
Soon after, the whole dark limb appeared illuminated* 
This prolongation of the cusps .beyond the simicircle, 
he thinks, must arise from the refraction of the sun's 
rays by the moon's atmosphere. He computes also 
the height of the atmosphere, which refracts light 
enough into it*s dark hemisphere to produce a twilight, 
more luminous than the light reflected from the earth 
when the moon is about 32^ from the new« to be 1356 
Paris feet ; and that the greatest height capable of 
refracting the solar rays is 53/6 feet. 2. At an occuL 
tatioQ of Jupiter*s satellites, the third disappeared, 
af^r having been about V or 2''of time indistinct; the 
fourth became indiscernible near the limb ; this was 
not observed of the other two. Phil. Trans. 1 792. 
If there be no atmosphere of the moon, the heavens, ta 
a Lunarian, must always appear dark like night, and 
the stars be constantly visible ; for it is owing to the 
reflection and refraction of the sun^s light by the at* 
mosphere, that the heavens^ in ev^ part^ appear 
bright in the day* 
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On the Phamamenon of the^ Harvest Moon. 

(230.) The full moba which happens at, or nearest 
to, the autumnal equinox, is called the Harvest moon ; 
and at that time there is a less difference between the 
times of it's rising on two successive nights, %han at 
any other full moon in the year; and what we here 
propose, is to account for this phaenomenon. 

(231.) Let jP be the north pole of the equator 
QAU, HAO the hprizon, EAC the ecliptic, A the 




* 

first point of Aries ; then, in north latitudes, A is the 
ascending node of the ecliptic upon the equator, AC 
being the order of the sines, and AQ that of the appai. 
rent diurnal motion of the heavenly bodies. When 
Aries rises in north latitudes, the ecliptic makes the 
least angle with the horizon ; and as the mo6n*s orbit 
makes but a small angle with the ecliptic, let us first 
suppose EAC' to represent the moon's orbit Let A 
be the place of the moon at it*s rising on one night; 
now, in mean sblar time, the earth makes one rei^u- 
tion in 23 A. 56". A'\ and bring? the same point A of the 
equator to the horizon again ; but, in that time, let 
the moon' have moved in it's orbit from A to c, and 
draw the parallel of declination tcm\ then it is lnant« 
fest that 3^ 56'' before the same hour the next night, 
the moon^ in it's diurnal motion^ has to describe c n 
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* before it rifles. Now en is manifi^stly the least possible, 
when the angle CAn is th^ ^es^st, Ac being given* 
. Hence^ it rises more nearly at the ^dnie hour, when 
it*s orbit makes the least angle with the horizon. Now 
«t the autumnal equinox, when the sun is in the first 
point.of Libra, the moon, at that time at ifs full, will 
be at the first point of Aries, and therefore it rises 
.with the lead^ difierence of times, on two successive 
nights; and it being at the; time of it's full, it is mor^ 
taken notice of; for the same thing happens every 
month when the moon cpmes to Aries* 

(232.) Hitherto we have supposed the ecliptic to 
represent the moons orbitj but as the orbit is indined 
to it at an angle of 5^. 9^ at a mean, let wAsz represent 
the moon*s Qrbit when the ascending node is at A^ and 
As the arc described in a day ^: then the moon's orbit 
making the least possible angle with the horizon in 
that position of the nodes, the arc ^n, apd consequently 
the difierence of the times of rising, will be the least 
possible^. As the moon's -nodes make a revolution in 
about 19 years, the leatst possible difierence can only 
happen once in that time. In the latitude of London 
:the least d ifierence is about 1 7^ i ^ 

(233.) The ecliptic makes the greatest angle with 
the horizon when the first point of Libra rises, conse- 
quently, when the moon is in that part of it's orbit, 
the difierence of the times of it's rising will be the 
greatest; and if the descending. node of it's orbit be 
there at the sanie time, it will make the difierence the 
greatest possible ; and this difierence is about lA. 17' 
in the latitude of London-. Thii^ is the case with the 
vernal full moons. Those signs which make the least 
angle with the horizon when they rise make the 
greatest angle when they set, and vice versa ; hence, 
.when the difierence of the times of rising is the least, 
the difference of the times of setting is the greatest, 
and the contrary. 

(234.) By increasing the, latitude, the angle zAn, 
and consequently ^n is diminished ; and when th^ 
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time of describing m, by the diurnal motion, is S\ i€r* 
the moon will then rise at the same solar hour. Let 
us suppose the latitude to be increased until the angle 
sAn vanishes^ then the moon's orbit becomes coinci- 
dent with the horizon every day, for a moment of time, 
and consequently the moon rises at the same sidereal 
hour, or 3\ 56^' soqner, by sohtr time. Now take a 
globe, and elevate the north pole to this latitude, and^ 
marking the moon's orbit in this position upon it, turn 
the globe about, and it will appear, that at the instant 
after the above coincidence, one half of the moon's 
orbit,- corresponding to Capricorn, Aquarius, Pisces, 
Aries, Taurus, Gemini, wul rise; hence, when the 
moon is going through that part of it's orbit, or for 13 
or 14 days, it rises at the same sidereal hour. Now, 
taking the angle xAE^ 5^. 9", and the angle EAQsz 
SS"". 38^ the angle QAx, or QAH^ when the moon's 
orbit coincides with the horizon, is 38^. 37' ; hence, 
(87) the latitude is 6V. 93' where these circumstances 
take place. If the descending node be at A^ then x 
lying above £, QAt, or QAH^l%\ 19', and the 
latitude is J\^. 4\*. In any other situation of the 
orbit, the latitude will be between these limits. When 
the angle QAx is greater than the complement of 
latitude, the moon will rise sooner the next day. As 
there is a complete revolution of the nodes in about 18 
years 8 months, all the varieties of the intervals of the 
rising and setting of the moon will happen within that 
time. 

On the Horizontal Moon. 

(235.) The phaenomenon of the horizontal moon is 
this, that it appears larger in the horizon than in the 
meridian ; whereas, from it's being nearer to us in 
the latter than in the former case, it subtends a greater 
angle. Ga^endus thought that, as the moon was less 
bright in the horizon, we looked at it there with a 
greater pupil of the eye^ and therefore it appeared 



larger. Bat this is contrary to tfie principles of 
Optics^ since the magnitude of the iniage upon the 
retina does not depend upon the pupil. This opinion 
ivas supported by a French Abbcy who supposed that 
the opening of the pupil made the chrystalline humour 
flatter, and the eye longer, and thereby increased the 
image. But there is no connection between the 
muscles of the iris and the other parts of the eye, to 
produce these effects. Des Cartes thought that thfe 
moon appeared largest in the horizon, because, when 
comparing it's distance with the intermediate objects, 
it appeared then furthest off; and as we judge itV 
distance greatest in that situation, we of course think 
it larger, supposing that it subtends lihe same angle. 
This opinion was supported by Dr. ff^allis, in the 
Phil. Trans* N**. I87. Dr. Berkley accounts for it 
thus. Faintness suggests the idea of greater distance; 
^e moon appearing most iaint in the horizon, sug- 
gests the idea of greater distance, and> supposing the 
visual angle the same, that must suggest the idea of a 
greater tangible object. He does not suppose the 
visible extension to be greater, but that the idea of ^ 
greater tangible extension is suggested, by the altera- 
tion of the appearance of the visible extension. He 
says, 1 . That which suggests the idea of greater mag- 
nitude, must be something perceiyed ; for what is not 
perceived can produce no visible cflfect 2. It must be 
something which is variable, because the moon does 
not always appear of the same magnitude in the 
horizon. 3. It cannot lie in the intermediate objects, 
they remaining the same ; also, when -these objects are 
excluded irom sight, it makes no alteration. 4. It 
cannot be the visible magnitude, because that is least 
in the horizon ; the cause, therefore, must lie in the 
visible appearance, which proceeds from the greater 
paucity of rays coming to the eye, producing faint- 
ness. Mr. Roaming supposes that the moon appears 
furthest from us in the horizon, because the portion of 
the sky which we see^ appears not an entire hemisphere, 
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but only a portion of one; and in consequence of this, 
we judge the moon to be furthest from us. in the 
horizon, and therefore to be then largest. Dr. Smith, 
in his Optics 9 gives the same reason. He makes the 
apparent distance in the horizon to be to that in the 
zenith as 10 to 3, and therefore the apparent diameters 
in that ratio. The methods by which he estimated 
the apparent, distances, may be seen in Vol. I. page 
65. The same circumstance also takes place in the 
sun, which appears much larger in the horizon than in 
the zenith. Also, if we take two stars near each 
other in the horizon, and two other stars near the 
zenith at the same angular distance from each other, 
the two former will appear at a much greater distance 
from each other, thaa the two latter. Upon this ac- 
count, people are, in general, very much deceived in 
estimating the altitudes of the heavenly bodies above 
the horizon, judging them to be mucli greater than 
they are. Dr. Smith found, that, when a body was 
about 23'' abpve the horizon, it appeared to be half 
way between the zenith and horizon, and therefore at 
that real altitude it would be estimated to be 45^ high. 
1*he lower part of a rainbow also appears broader than 
the upper part. And this may be considered as an ar* 
^ument that the phaenomenon cannot depend entirely 
upon the greater degree of faintness in the object when 
in the horizon, because the lower part of the bow fre. 
quently appears brighter than the upper part, at the 
same time that it appears broader. Also, this cause 
could, have no effect upon the distance of the stars ; 
land as the difference of the apparent distance of the 
two stars, whose angular distance is the same, in the 
horizon and zenith, seems to be fully sufficient to ac- 
count for the apparent variation pf the moon*s diameter 
in these situations, it may be doubtful, whether the 
faiajtness of the object enters into any part of the 



cause. 
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Chap. XVII. 

ON THE ROTATION OF THE SUN AND PLANETS. 

(236.) The times of rotation of the sun, and planets, 
and the position of their axes, are determined from the 
spots which are observed upon their surfaces. Th6 
position of the same spot, observed at three diflferent 
times, will give the position of the axis; for three 
poihts of any small circle will determine it*s situation, 
and hence we know the axis of the sphere which is 
perpendicular to it. The time of rotation may be 
found, either from observing the arc of the small 
circle described by a spot in any time, or by observing 
the return of a spot to the same position in respect to 
the earth." ' 

On the Rotation of the Sun. 

(237.) It is doubtful by whom the spots on the 
sun were first discovered* Scheiner, Professor of 
Mathematics in Ingolstadt, observed them in May^ 
1611, and published an account of them in l6i2, in 
a work entitled, Rosa Urdna. Galileo^ in the Pre- 
face to a work entitled, Istoria, Ditnostraziom^ 
mtorno alle Macchie Solari, Roma, l6ld, says, that 
being at Rome in 1611, he then showed the spots of 
the sun to several persons, and that he had spoken of 
them, some months before, to his friends at Florence. 
He imagined them to adhere to the sun. Kepler^ in 
his Ephemeris, says, that they were observed by the 
son of David FabriciuSy who published an account of 
them in 1611.' In the papers of Harriot, not yet 
printed, it is said, that spots upon the* sun were ob« 
served on December 8^ l6lO. As telescopes were in 
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use at that time, it 19 probable that each might make 
the discovery. Admitting these spots to adhere to the 
8un*s body, the reasons for which we shall afterwards 
give, we prpceed to show how the time of it*s rotation 
may be found. 

(238.) M. Cassini determined the time of rotation, 
from observing the time in which a spot returns to the 
same situation upon the disc, or to the circle of lati- 
tude passing through the earth* Let t be that interval 
of time, and let m be equal to the true motion of the 
earth in that time, and it equal to it's mean motion ; 
then 360^ +m : 36o^+ii :: t : the time of return if 
the motion had been uniform, and this, from a great 
number of observations, he determines to be 2jd. I2h. 
20' ; now the mean motion of the earth in that time is 
57^ 7'- 8" ; hence, 36cy> + 2f. f. 8" : ZOo"" :: 2^d. 1 2h. 
29' : 2Sd. I4h. 8\ the time of rotation;. Elsm. 
d'Astran. p. 104. 

(239.) When the earth is in the nodeft of the sun*s 
equator, and consequently in it's plane, the spots ap* 
pear to describe straight lines : this happens about the 
beginning of June and December. As the earth re- 
cedes from the nodes, the path of a spot grows more 
and more elliptical, till the earth gets 90^ from the 
nodes, which happens about the banning of Sep* 
tember and March, at which time the eUipse has Wm 
minor axis the greatest, and is then to the major axis; 
as the sine of the inclination of the solar equator to 
HMJius. 

(240;) There has been a great difference of opinions 
•respecting the nature of the solar spots. 8chein&rm^ 
posed them to be solid bodies revolving about the son, 
very near to it ; but as they are as long visible as tfaejr 
are invisible, this catinot be the lease. Moreover, we 
have a physical argument against this hypothesis^ 
which IS; that most of them do not revofve about tiie 
sun in a plane passing through if s center, ^ich thep 
necessariiy must, if they revolved, like the ^planets^ 
about the sun. GaUko confuted Schek^s opinion^ 
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by observing that the spots were hot permaneiit ; that 
they varied their figure; that they increased, and 
aunetioies disappeared. He compared them to smoak 
and dotMls. Heoelms appears to have heea of the 
same opinion ; for in his Cometographiay p. d6o, 
speaking of the solar spc^^ he says. Hose materia 
muMC ea ipsa est evaporatio et exhalatio {quia aliunde 
nUnime oriri potest) quas ex ipso corpore solis, ui 
supra Qstensumest^ expiratur et exhalatur. But the 
permanency of most of the spots is an argument 
against this hjqpothesis. M. de la Hire supposed them 
to be solid, opaque bodies, which swim upon the 
liquid matter of the sun, and which are sometimes en^ 
tirely immersed. M. de la hands supposes that the 
sun is an opaque body, covered with a liquid fire, and 
that the spots arise from the opaque parts, Uke rocks^ 
whidb, fay the alternate flux and reflux of the liquid 
igneous matter of the sun, are sometimes raised abo^ie 
the siir&ce. The spots are frequently dark in the 
middle^ with an umbra about them ; and M. de la 
Lande supposes that the part of the rock which stands 
above the surface, forms the dark part in the center^ 
and those parts which are but just covered by tbe ig- 
neous matter, form the umbra. Dr. WUson^ Professor 
, of Astronomy at Gl{t$gow, oj^poses this hypothesis of 
M. de la Lande, by this argument. Genehdly speak* 
ing, the umbra immediately contiguous to the dark 
central part, or nucleous, instead of being very dark^ 
as it ought to be, from our seeing the immiersed part9 
of the opaque rock through a thin stratum of the 
Igneous matter, is, on the contrary, very nearly of the 
same splendour as the external suriace, and the umbra 
grows darker the further it recedes from the nucleus j 
this, it must be acknowledged, is a strong argument 
against the hypothesis of M. de la Lande. Dr. ffllson 
further observes, that M. de la Lande producea no op- 
tical arguments in support of the rock standing above 
the surface, of the sun. The opinion of Dr. ff^ilson is, 
that the spots are excavations in the luminous matter 



^ I 



.ido 



KOTATTOM OF TtOC SUM'. 



of the sun^ the bottom of which forms the umbra* 
They who wish to see the arguments by which this is 
supported^ must consult the Phil. JVans. 177^ ^^d 
1783. Dr. HaUey conjectured that the spots are 
formed in the atmosphere of the sun. Dr. Herschel 
supposes the sun to be an opaque body^ and that it 
has an atmosphere ; and if some of the fluids which 
enter into it*s composition should be of a shining 
brilliancy^ whilst odiers are merely transparent, any 
temporary cause which may remove the lucid fluid will 
permit us to see the body of the sun through the 
transparent onea^. See the Phil. Trans. 1795- Dr. 
Herschel, on April 19, 17799 saw a spot which mea- 
suped l\8"j06'm diameter^ which is equal in length to 
more than 31000 miles ; this was visible to the naked 
eye. Besides the dark spots upon the sun^ th«« are 
also parts of the sun, called Facuke, Lucili, &c. which 
are brighter than the general sur&ce; these always 
abound most in the neighbourhood of the spots them- 
selves, or where spots recently have been. Most of 
the spots appear within the compass of a zone lying 
30^ on each side of the equator; but on July 5, 1780, 
M. de la Lande observed a spot 40'' from the equator. 
Spots which have disappeared, have been observed to 
break out again. The spcis appear so frequently* that 
Astronomers very seldom examine the sun with their 
telescopes, but they see some ; Scheiner saw fifty at 
once, ^he following phenomena of the spots ate 
described by Scheiner and Hevelius. 

I. Every spot which has a nucleus, has also an 
umbra surrounding it. 

II. The boundary between the nucleus and umbra 
is always well defined. 

III. The increase of a spot is gradual, the breadth 
of the nucleus and umbra dilating at the same time. 

IV. The decrease of a spot is gradual, the breadth 
of the nucleus and umbra contracting at the same 
t|me. 
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V. The exterior boundary of the umbra never con- 
sists of sharp angles, but is always curvilinear, how- 
ever irregular the outline of the nucleus may be. 

VI. The nucleus^ when on the decrease, in many 
cases changes it's figure, by the umbra encroaching 
irregularly upon it. 

VII. It often happens, by these encroachments, 
that the nucleus is divided into two or more nuclei. 

VIII. The nucleus vanishes sooner than the umbra. 

IX. Small umbrae are often seen without nuclei. 

X. An umbra of any considerable size is seldom 
seen without a nucleus. 

XI. When a spot, consisting of a nucleus and 
umbi-a, is about to disappear, if it be not succeeded 
by a facula, or more fulgid appearance, the place it 
occupied if, soon after, not distinguishable from any 
other part of the sun's surface. 

On the Rotation of the Planets. 

(241.) The Georgian is at so great a distance, that 
Astronomers, with their best telescopes, have not been, 
able to discover whether it has any revolution about 
its axis. 

(242.) Saturn was suspected by Cassini and Fato, 
in l683, to have a revolution about it's axis; for they 
one day saw a bright streak, which disappeared the 
next, when another came into view near the edge of 
it's disc; these streaks are csiWed Belts. In 17 19) 
when the ring disappeared, Cassini saw it's shadow 
upoii the body of the planet, and a belt on each side 
parallel to the shadow. When the ring was visible, 
he perceived the curvature of the belts was such as. 
agreed with the elevation of the eye above the plane 
of the ring. He considered thern as similar to our 
clouds floating in the air ; and having a curvature 
similar to the exterior circumference of the ring, he 
concluded that they* ought to be nearly at the same 
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distance from the pl^et, and thai; cooaeqiiently the 
atmosphere of Saturn, ei^tended to the ring. Dr. 
Herschel found that the arrangement qi the belts 
always followed the direction of the ring; thus, as the 
ring opened, the helts began to show an incurvature 
answering to it. And during his observations on 
June 1 9, 20, and 21,1 780, he saw the same spot in 
three different situations. He conjectured, therefore^ 
that Saturn revolved about an axis perpendicular to the 
plane of it's ring. Another argument in support of 
this, is, that the planet is an oblate spheriod, naving 
the diameter in the direction of the ring to the dia- 
meter perpendicular to it, as about 11:10, according 
to Dr. Herschel; the measures were taken with a wire 
micrometer prefixed to his 20 feet reflector. The 
truth of his conjecture he has now verified, having 
determined that Saturn revolves about it's ajis in lOA. 
l6'. 0",4. Phil. Trans. 1794. The rotation is accord- 
ing to the order of the signs. 

(243.) Jupiter is observed to have belts, and also 
spots, by which the time of if s rotation can be very 
accurately ascertained. M. Cassini found the time of 
rotation to be 9^* ^6', from a remarkable spot which he 
observed in l665. In October l691,he observed two 
bright spots almost as broad as the belts ; and at the 
end of the month he saw two more, and fiwnd them 
to revolve in Qh. 51'; he also observed, soiae other 
spots near Jupiter*s equator, which revolved in 9A. 
50'; and, in general, he Sound that ^ nearer the 
spots were to the equator, the quicker they revolved. 
It is probable, therefore, that the spots are not upon 
Jupiter's surface, but in it's ato^sphere; and for this 
reason also, that several spots which appeared round at 
first, grew oblong by degrees in a direclaon parallel. to 
the belts^ and divided themselves into two or thnee 
spots. M. Maraldij from a great many observations 
of the spot observed by Cassini in 1665, found the 
time of rotation to be gk. 5&; and concluded that the^ 
spots had a dependence upon the contiguous belt> aa 
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the spot had never appeared without the belt, though 
the belt had without the spot. It continued to appear 
and disappear till i6Q4, and was not seen any more 
till 1708; hence, he concluded^ that the spot was 
some effusion from the belt upon a fixed place of 
Jupiter's body, for it always appeared in the same 
place. Dr. Herschel found the time of rotation of 
different spots to vary ; and that the tinie of rotation 
of the same spot diminished ; for the spot observed in 
1788 revolved as follows. From February 25 to 
March 2, in'gA. 55'. 20"; from March 2 to the 14th/ 
in Qh. 54'. 58" ; from April 7 to the 12th, in 9A. 51'. 
35". Also, from a spot observed in 1 799> it*s rotation 
was, from April 14 to the 19th, in 9/i. 51'. 45"; from 
April 19 to the 23d, in 9A. 50'. 48". This, he ob- 
serves, is agreeable to the theory of equinoctial winds^ 
as it may be some time before the spot can acquire the 
velocity of the wind ; and if Jupiter's spots should be 
observed in different parts of it's revolution to be ac- 
celerated and retarded, it would amount almost to a 
demonstration of it's monsoons, and their periodical 
changes. M. Schroeter makes the time of rotation 
9^. 55'. 36",6; he observed the same variations as 
Dr. Herschel. The rotation is according to the order 
of the signs. This planet is observed to be flat at it's 
poles. Dr. Pound measured the polar and equatorial 
diameters, and found them as 12 : 13. Mr. Short 
made them as 13 : 14. Dr. Bradley made them as 
12,5 : 13,5. Sir /. Newton makes the ratio 9^ : 10^ 
by theory. The belts of Jupiter are generally parallel 
to it's equator, which is very nearly parallel to the 
ecliptic; they are subject to very gi^at variations, 
both in respect to their number and figure ; some* 
times eight have been seen at once, and at other times 
only one ; sometimes they continue for three months 
without any variation, and sometimes a new belt has 
been formed in an hour or two. From their being 
subject to such changes^ it is very probable that they 
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do not adhere to the body of Jupiter^ but exist in it's 
atmosphere. 

(244.) Galileo discovered the phases of Mars; 
after which, some* Italians in l636, had an imperfect 
view of a spot. But in 1666, Dr. Hook and M. Cassini 
discovered some well-defined spots; and the latter 
determined the time of the rotation to be 24h. 40^ 
Soon afler^ M. Maraldi observed some spots, and 
determined the time of rotation to be 24A. 39'. He 
also observed a very bright part near the southern 
pole, appearing like a polar zone ; this, he says, has 
been observed for 6o years; it is not of equal bright-* 
ness, more than half of it being brighter than the rest ; 
and that part whiqh \% least bright, is subject to great 
changes, and sometimes disappears. Something like 
this has been seen about the north pole. The rotation 
is according to the order of the signs. Dr. Herschel 
makes the time of a tidereal rotation to be 24h. 39'. 
21 "6/9 without the probability of a greater error than 
2"34. He proposes to find the time of a sidereal ro- 
tation, in order to discover, by future observatioixs, 
whether there is any alteration in the time of the revo- 
lution of the earth, or of the planets, about their axes; 
for a change of either would thus be discovered. He 
chose Mars, because it's spots are permanent. See the 
Phil. Trans. 178I. From further observations upon 
Mars, which he published in Phil. Trans. 1784, he 
makes it's axis to be inclined to the ecliptic 69^ 42", 
and 61®. 18' to it's orbit; and the north pole to be 
directed to 17*^. 47' of Pisces upon the ecliptic, and 
19°. 28' on it's orbit. He makes the ratio of the di- 
ameters of Mars to be as 16 : 15. Dr. Maskelyne has 
carefully observed Mars at the time of bpposition,but 
could not perceive any difference in it's diameters. 
Dr. Herschel observes, that Mars has a considerable 
atmosphere. 

(245.) Galileo first discovered the phases of Venus 
in 1611, and sent the discovery to fFilliam de* Medici^ 
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to communicate it to Kepler. He sent it in this 
cypher, Hoec immaturoe a me frustra leguntur, o, y ; 
which put in order, is, Cynthias figtiras cemulatur 
mater anuorum^ that is, Vevm^ emulates the phases of 
the moon. He afterwards wrote a letter to hira, giv- 
ing an account of the discovery, and explaining the 
cypher. In 1666, M. Cassini, at a time when Venus 
was dichotomized, discovered a bright spot upon it at 
the straight edge, like some of the bright spots upon 
the moons surface; and by observing it's motion, 
which was upon the edge, he found the sidereal time 
of rotation to be 23 A. la. In the year 17^6, Bianchini 
made some observations upon the spots of Venus, and 
asserted the time of rotation to be 124-^ days; that the 
north pole answered to the 20*** degree of Aquarius, 
and was elevated from 16° to 20® above it's orbit; and 
that the axis continued parallel to itself. The small 
angle which the axis of Venus makes with it*s orbit is 
a singular circumstance, and must cause a very great 
variety in the seasons. M, Cdssini, the Son, has vin- 
dicated his Father, and shown, from BianchinVs ob- 
servations being interrupted, that he might easily 
mistake different spots for the same: and he con- 
cludes, that if we suppose the periodic tioae to be 23A. 
20', it agrees equally with their observations ; but if 
we take it 244- days, it will not at all agree with his 
Father's observations. M. Schroeter has endeavoured 
to show that Venus has an atmosphere, from observing 
that the illuminated limb, when horned, exceeds a 
semicircle ; this he supposes to arise from the refrac- 
tion of the sun^s rays through the atmosphere of Venus 
at the cusps^ by which they appear prolonged. The 
cusps appeared sometimes to run 15^. 1 9' into the dark 
hemisphere ; from which he computes, that the height 
of the atmosphere, to refract such a quantity of light, 
must be 15156 Paris feet. But this must depend' on 
the nature and density of the atmosphere, of which we 
are ignorant. Phil. Trans. l*J^2. He makes the time 
of rotation to be 23h, 21", and concludes, from his ob. 
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servations, that there are considerable mountains upon 
this planet, Phil. Trans. 1795. Dr. Herschel agrees 
with M. Schroeter, that Venus has a considerable 
atmosphere; but he has not made any observations, by 
which he can determine, either the time of rotation, or 
the position of the axis. Phil. Trans. 1793- 

(246.) The phases of Mercury are easily distin- 
guished to be like those of Venus ; but no spots have 
yet been discovered, by which we can ascertain whe- 
ther it has any rotation. 

(247.) The fifth satellite of Saturn was observed 
by M. Cassini for several years, as it went through the 
eastern part of iCs orbit, to appear less and less, till it 
became invisible ; and in the western part to increase 
again. These ph8enomena can hardly be accounted 
for, but by supposing some parts of the surface to be 
incapable of reflecting light, and therefore, when such 
parts are turned towards the earth, th^y appear to 
grow less, or to disappear. As the same appearances 
returned again when the satellite came to the same 
part of it*s orbit, it affords an argument that the time 
qf the rotation about it's axis is equal to the time of 
it*s revolution about it's primary, a circumstance 
similar to the case of the moon and earth. See Dr. 
Herschets account of this in the PhiL Trans. 1792. 
The appearance of this satellite of Saturn is not always 
the same, and therefore it is probable that the dark 
parts are not permanent. Dr. Herschel hsiS discovered 
that all the satellites of Jupiter have a rotatory motion 
about their axes, of the same duration with their 
respective periodic times about their primaries. 
Trans. 17 97. 
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Chap. XVIII. 



ON THE SATELLITES. 



(246.) On Jahtttity 8, 161 a, GaUleo discovered th« 
four ^atelliteg 6f Jupiter, and called thein Medicea 
Sid&fa, bt Mediceah Stars^ in honour of the faniiiy of 
the Medid, his patfons. This \4^as a discovety, vefy 
iihportant in it's consequences, as it ftirnish^d a rea(fy 
method of findiilg the longitudes of |)Iace^, by means 
of their eclipses ; the eclipses led M. Roemer to the 
discovery of the progressive tnotion of light ; ind 
henc6 Dr. Bradley was enabled to solte an apparent 
motioti in the fixed stars^ which could not otherv^ise 
have been accounted for. 

{i4S*) The satellites of Jupiter, in going froni the 
west to th^ east, are eclipsed by the shaao\V of Jupitef, 
and as they go from east to west, they ar6 observed to 
pass over it's disc; hence, they revolve about Jupiter^ 
and in the same direction as Jupiter revolves khout the 
SUti. The threie first satellites are always eclipsed^ 
when they are in opposition to the san, and the 
lengths of the eclipses are found to be diflfertent at dif- 
ferent times : but sometimes the fourth satellite passes 
through opposition without being eclipsed. Hence it 
appears, thatt th^ planes of the orbits do not coincide 
with the plattie of Jupiter's orbit, for, in that case thejr 
would always pa^s through the center of Jupiter's 
shadow, and there would always be an eclipse, and of 
the same, or very nearly the same, duration, at every 
opposition to the sun. As the planes of the orbits 
which they describe sometimes pass through the eve, 
they will then appear to describe straight lines passmg 
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through the center of Jupiter ; but at all other times 
they will appear to describe ellipses^ of which Jupiter 
is the center. 



On the Periodic TimeSj and distances of Jupiter^s 

Satellites. 

(250.) To get the mean timed of their synodic re- 
volutions^ or of their revolutions in respect to the sun^ 
observe, when Jupiter is in opposition, the passage of 
a satellite over the body of Jupiter, and note the time 
when it appears to be exactly m conjunction with the 
center of Jupiter, and that will be the time of con- 
junction witn the sun. After a considerable interval 
of time, repeat the same observation, Jupiter being in 
opposition, and divide the interval of time by the 
number of conjunctions with the sun in that interval^ 
and you get the time of a synodic revolution of the 
satellite. This is the revolution which we have occa* 
sion principally to consider, it being that on which the 
eclipses depend. But, owing to the equation of Jupi- 
ter's orbit, this will not give the tkean time of a synodic 
revolution, unless Jupiter was at the same point of it's 
orbit at both observations ; otherwise, we must pro- 
ceed thus. 

(251.) Let A IP R be the orbit of Jupiter, iSthc 
sun in one focus, and Fthe other focus*; and as the 
excentricity of the orbit is small, the motion about F 
may be considered (169) ks uniform. Let Jupiter be 
in it*s aphelion at Jl in opposition to the earth at T; 
and L a satellite in conjunction ; and let / be the 
place of Jupiter at it's next opposition with the earth 
at />, and the satellite in conjunction at G. Then, 
if the satellite had been at O, it would have been in 
conjunction with Fy or in mean conjunction ; therefore 
it must describe the angle FI8 before it comes to the 
mean conjunction, which angle is (169) the equa- 
tion of the orbit^ according to the simple elliptic 
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hypothesis, which may be here used, as the excentricitj^ 
of the orbit is but small ; the angle FIS therefore mea- 
sures the difference between the mean synodic revolu- 
tions in respect to JF, and the synodic revolutions in 

B 




respect to the sun S. If^ therefore, n be the number 
of revolutions which the satellite has made in respect 
to the sun, n x 36o** — SlF=sthe revolutions in respect 
to F; hence, n x SG&'—SIF: 360'' :: the time between 
the two oppositions : the time of a mean synodic revo* 
lution about the sun. 

(253.) As the satellite is at O at the mean conjunc- 
tion,' and at G when in conjunction with the sun, it is 
manifest, that if the angle FIS continued the same, 
the time of a revolution in respect to S would be equal 
to the time in respect to F, or to the time of a mean 
synodic revolution ; hence, the difference between the 
times of any two successive revolutions in respect to S 
and jF respectively, is as the variation of the angle FIS^ 
or variation of the equation of the orbit. When 
Jupiter is at ji, the equation vanishes, and the times 
of the two conjunctions at F and S coincide. When 
Jupiter comes to /, the mean conjunction at O happens 
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after the trae conjunction at O^ by the time of de- 
scribing the angle SIF, the equation of Jupiter's orbit. 
This is what Astronomers call the J&'i^/ inequality; 
and by this. inequality of the intervals t^ the times of 
the true conjunctions, the times of the eclipses of the 
satellites are aflfected. 

(253.) But as a coi\junction of the satellite may 
not often happen exactly at the time when Jupiter is 
in opposition, the time of a mean revolution may be 
found, when he is out of opposition, thus. Let H be 
the earth when the satellite is at Z in conjunction with 
Jupiter at A; and let ^ be another position of the 
earth when the satellite is at C in conjunction with 
Jupiter at /; and produce RH, IV, to meet in M^ 
then the motion of Jupiter about the earth, in this 
interval, is the same as if the earth had been fixed at 
M. Now the difference between the true and mean 
motions of Jupiter is RFI-^RMI^FIM^-FRM, 
which shows how much the number of mean revolu- 
tions, in respect to Fy exceeds the same number of 
apparent revolutions in respect to the earth ; hence, 
n X 360^ - FIM- FRM : sGff :: the time between 
the observations : the time of a mean synodic revottt* 
tion of the satellite. Jf C and Z lie on the other side 
of O and Y, the angles FIMy FRM^ must be added to 
n X 360"" ; and if one lie on on^ side, and the other on 
the other, one must be added and the other subtracted^ 
according to the circumstances. 

(254.) As it is difficult, from the great brightncsi 
of Jupiter, to determine accurately the time when the 
satellite is in conjunction with the center of Jupiter at 
it passes over it's disc, the time of conjunction is deter-» 
mined by observing it's entrance upon the disc, and 
it's going off; but as this cannot be determined with 
so much accuracy as the times of imnaersion into U^e 
shadow of Jupiter, and emersion from it, the timie of 
conjunction can be most accurately determined from 
the eclipses. 

(25 5 .) Let / be the center c^ Jupitee's sfaadow FO^ 
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Nmt the orbit of a satdKte, iVthe node of the siTtel- 
lite's orbit upon the orbit rf Jupiter; driW Iv p^i|eii- 




dicular to IN^ and Ic to Nt ; and when the satellite^ 
comes to v, it is in conjunction^ with the sun. Now 
both the iminersion at m and emersion at t of the 
second, third, and fourth satellites may sometimes be 
observed, the middle point of time between which, 
gives the time of the middle of the eclipse at c ; and 
by calculating ct;, from knowing the angle N and NI9 
we get the time of conjunction at v. If both the im- 
mersion and emersion cannot be observed, take the 
time of either, and after a very long interval of time, 
when an eclipse happens as nearly as possible in the 
same situation in respect to the node, take the time of 
the same phenomenon, and from the interval of these 
times you will get the time of a revolution. By these 
different methods, M. Cas^ini found the times of the 
mean synodic revolutions of the four satellites to be as 
follows : 



First 



1^18\28'.36" 



Second. 



Third. 



Fourth. 



3^l3^l7^64''[7'.3^69^36"|le*.la^5^7'' 



■< * 



(256.) Hence it appears, that 247 revolutions of the 
first satellite are performed in 437^. 3h. 44' ; 123 re- 



* A satellite is said to be ia conjunction^ both when it is bet^ip««^ 
the Sun and Jupiter, and when it is opposite to the Suu ; the latter 
may be called saperior, and the fermer inferior conjunction. 
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volutions of the second^ in 487d. 3h. 41' ; 6l revolu- 
tiops of the third, in 43f d^Sh. 35', and 26 revolutions 
of the fourth, in 435d. 14^. 13\ Therefore, after an 
interval of 437 ^^y^y ^^^ three first satellites return to 
their relative situations within nine minutes. 

(357.) In the return of the satellites to their mean 
conjunction, thejr describe a revolution in their orbits, 
together with the mean angle a^ described by Jupiter 
in that time; therefore, to get the periodic time of 
each, we must say, 36o° + a® : 360*^ :: time of a 
synodic revolution : the time of a periodic revolution; 
hence, the periodic times of each are ; 



Hrst. 


Second. 


Third. 


Fourth. 


1*.18\27'.33" 


3',13\13'.42" 


7*.3\42'.33" 


l6*.i6':32'.8" 



(258.) The distances of the satellites from the 
center of Jupiter may be found at the time of their 
greatest elongations, by measuring with a micrometer, 
at that time, their distances from the center of Jupiter, 
and also the diameter of Jupiter, by which you get 
their distances in terms of the diameter. Or it may 
be done thus. When a satellite passes over the middle 
of the disc of Jupiter, observe the whole time of it's 
passage, and then, the time of a revolution : the time 
of it's passage over the disc :: 36o° : the arc of it*s 
orbit corresponding to the time of it's passage oyer the 
disc ; hence, the sine of half that arc : radius :: the 
semidiameter of Jupiter : the distance of the satellite. 
Thus M. Cassini determined their distances in terms 
of the semidiameter of Jupiter to be, of the^r^f , 6,67 ; 
of the second, g; of the third, 14,38; and of the 
fourth, 2b, 3. 

(259.) Or, having determined the periodic times, 
and the distance of one satellite, the distances of the 
others may be found from the proportion of the squares 
of the periodic times being as the cubes of their dis- 
tances. Mr. Pounds with a telescope 15 feet long. 
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found at the mean distance of Jupiter from the earthy 
the greatest distance of the fourth satellite to be 8^ 
16''; and by a telescope 123 feet long, he found the 
greatest distance of the third to be A'. 42" ; hence^the 
greatest distance of the second appears to be 2'. 5&\ 
47'", and of the ^rst, l\ 51". 6'". Now the diameter 
of Jupiter^ at it's mean distance^ was determined, by 
Sir L Newton, to be 37''i ; hence the distances of 
the satellites, in terms of the semidiameter. of Jupiter, 
come out 5^965 ; 9,494; 15,141, and 26,63 re* 
spectively. Prin. Math. Lib. fer. Phom. 

(260.) Hence, by knowing the greatest elongations 
of the satellites in minutes and seconds, we get their 
distances from th«3 center of Jupiter, compared with 
the mean distance of Jupiter from the earth, by say- 
ing, the sine of the greatest elongation of the satellite : 
radius :: the distance of the satellite from Jupiter • the 
mean distance of Jupiter from the earth. 

On the Eclipses of Jupiter's Satellites. 

(261 .) Let S be the- sun, EF the orbit of the earth, 
J Jupiter, a&c the orbit of one of it's sateUites. When, 
the earth is at E before the opposition of Jupiter, the 
.spectator will see the immersion at a; but if it be the 
first satellite, upon account of it's nearness to Jupiter, 
the immersion is never visible, the satellite being then 
always behind the body of Jupiter; the other three 
satellites may have both their immersions and emer-* 
sions visible; but this will depend upon the position 
pf the earth. When the earth comes to jP after oppo- 
sition, we shall then see the emersion of the first, but 
can then never see the immersion ; but we may see 
both the emersion and immersion of the other three. 
Draw EIr ; then sr, the distance of the center of the 
shadow from the center of Jupiter, referred to the 
orbit of the satellite, is measured at Jupiter by sr^ or 
the angle sir, or the angle EIS. The satellite may 
be hidden behind the body at r without being eclipsed^ 
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whicfa is called an Occultatian. When the earth is 
at E, the conjanction of the latellite happens liUer at 




the earth than at the sun ; but when the earth is at F, 
it happens sooner. 

(262.) The diameter of the shadow of Jupiter, at 
the distance of any of the satellites, is best found by 
observing the time of an eclipse when it happens at 
the node, at which time the satellite passes through 
the center of the shadow ; for the time of a synodic 
rev<^ution : the time the satellite is passing through 
the center of the shadow :i 360° : the diameter of the 
shadow in degrees. But when the first atid second 
satellites are in the nodes, the immersion and emersion 
cannot both be seen. Astronomers, therefore, compare 
the immersions some days "before the opposition of 
Jupiter with the emersions some days ajier, and then, 
knowing how many synodic revolutions have been 
made, they get the time of the transit through the 
shadow, and thence the corresponding degrees. But 
on account of the excentricity of some of the orbits, 
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the times of the central transit must vary ; for example, 
the second satellite is sometimes found to be 2h. 5Qf 
in passing through the center of the shadow^ and» 
sometimes 2h^ d4' ; this indicates an excentricity. 

(263.) The duration of the eclipses being very une- 

Sual, shows that the orbits are inclined to the orbit of 
upiter; sometimes the fourth satellite passes through 
opposition without suffering an eclipse. The duration 
of the eclipses must depend upon the situation of the 
nodes in rei^)ect to the sun, just the same as in a lunar 
eelipse ; when the line of the nodes passes through 
the sun, the satellite will pafis through the center of 
the shadow ; but as Jupiter revolves about the sun, 
the line of the nodes will be carried out of conjunction' 
with the sun, and the time of the eclipse will be 
shortened, as the satellite will then describe only ar 
chord of a section of the shadow instead of the 
diameter. 

On the Rotation of the Satellites of Jupiter. 

(264.) M. Cassini suspected that the satellites had* 
a rotation about their axes, as sometimes in their pas*- 
sage over Jupiter s disc they were visible, and at othef 
times not ; he conjectured, therefore, that they had 
spots upon one side and not on the other, and that 
they were rendered visible in their passage when the 
spots were next to the earth. At difierent times also- 
they appear of different magnitudes, and of diflferent 
brightness. The fourth appears generally the smallest, 
but sometimes the greatest; and the diameter of it*s 
shadow on Jupiter appears sometimes greater than the 
satellite. The third also appears of a variable magni* 
tude, and the like happens to the other two. Mr. 
Pound also observed, that they appear more luminous 
at one time than another, and therefore he concluded 
that they revolve about their axes. Dr. Herschel has 
discovered that they all revolve about their axes, in the 
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times in which they respectively revolve about 
Jupiter. 

On the Satellites of Saturn. 

(265.) In the year 1655, Huygens discovered the 
jburth satellite of Saturn ; and published a table of 
it*s mean motion in l6d9* ^^ ^^T^y M* Cassini dis- 
covered the fifth, and the third in 1G711 ; . and in 1684, 
the first and second ; and afterwards published Tables 
of their motions. He called them Sidera Lodoicea^ 
in honour of Louis le Grand, in whose reign, and ob- 
servatory, they were discovered. Dr. Hallejf founds 
by his own observations in l682, that Huygens* 9 
Tables had considerably run out, they being about ] 5® 
in 20years too forward, and therefore he composed 
new Tables from more correct elements. He also re- 
formed M. CassinV% Tables of the mean motions ; and 
about the year 1720, published them a second time^ 
corrected from Mr. Poiincfs observations. He observes, 
that the four innermost satellites describe orbits very 
nearly in the plane of the ring, which, he says, is, as 
to the sense, parallel to the equator ; and that the ^ 
orbit of the fifth is a little inclined to them. The 
following Table contains the periodic times of the 
five satellites, and their distances in semidiameters of 
the ring, as determined by Mr. Pounds with a micro- 
meter fitted to the telescope given by Huygens to 
the Royal Society. Mr. Pound first measured the 
distance of the fourth, and then deduced the rest from 
the proportion between the squares of the periodic 
times and cubes of their distances^ and these are found 
to agree with observations. 
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■i^^—p- 



Satel- 



PeriodicTimes 



Utes. by Pounds 



II 



III 



IV 



Ii2l\l8'.27'' 



I ' 



2.17.41.22 



4. 12. 25. 12 



15.22.41.12 



Diit. in 
semtli. of 
Ring, by 

Pound. 



3,097 



2,686 



3,752 



' V (79. 7.49.0 



8,698 



25,348 



Dist. in 
semid. of 
Saturn by 

Pound. 



4,893 



6,286 



8,»64 



■ » 



20,295 



Dist, in 

sethid, of 
Ring by 
Cassini. 



l-hf 



H 



H 



8 



59,154 



23 



Di%t, at 

the mean 

dist, of 

tSatum. 



(y.43'',5 



o. 56 



1. 18 



3. 



O 



8. 42,5 



The' last column is from Cassini; but Dr. Herschel 
makes the distance of the fifth to be 8'. 3 1 ",97, which 
is probably more exact. In this and the two next 
Tables, the satellites are numbered from Saturn as 
they wiere before the discovery of the other two. 

On June 9, 1749, at 10^, Mr. Pound found the 
distance of the. fourth satellite to be. 3'. 7" with a 
telescope of 123 feet, and aii excellent micrometer 
fixed to it ; and' the sy^ellite was at that time very near 
it's greatest eastern cugression. Hence, at the mean 
distance of the earth from Saturn, that distance be* 
comes 2'. 58",21 ; Sir /. Newton makes it. 3'. 4". 

(266.) The periodic times are found as for the 
satellites of Jupiter (261). . To determine these, M. 
Cassini chose the time when the semi-minor ijixes of 
the eclipses which, they describe, were the greatest, as 
Saturn was then 90® from their node, ■ bec^tuse the 
place of the satellite in it's orbit is then the same as 
upon the orbit of Saturn ; whereas inevery other case, 
it would be necessary to. apply the reduction in order 
to get the place in it's orbit. . 

(267.) As it is difficult to see Saturn and the satel* 
lites at the same time in the field of view of a telescope, 
their distances have sometimes been measured, by ob- 
servitig the time of the passage of the body of Saturo 

M 
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over a wire adjusted as an bour circle in the fiel4 of tl^e 
telescope^ ?nd the intervfil between the times when 
Saturn and the satellite passed. From comparing the 
periodic times and distances, M. Cassini observed that 
^eplerU Rule (162) agreed very well with observa- 
iions, 

(26i.\ By comparing the places ef the satellites 
with the* ring in difierent points of their orbits, and 
^he greatest minor axes of the ellipses which they 
appear to describe, compared with tlie ma)or axes, the 
planes of the orbits of th^ first four are fE>und to be 
very nearly in the plane of the ring, and therefore are 
inclined to the orbit of Saturn sboxA 30^ ; bi^t th? 
orbit of the fifth, accordiqg to M. Ctissltti the Son, 
makes an angle with the ring of about 1 5 degrees. 

(269.) M. Cassini places the node of the ring, and 
consequently the nodes of the four first satellites, in 5^. 
22® upon the orbit pf Saturn, and 5*.. 21® upon the 
ecliptic. M . Huygeiis had determined it to be in 5\ 
20". 30'. M. Miraldi, in I7l6, determined the loi^i- 
tude of the node of the ring upon the orbit of Saturn 
to be 5'. 19^ 48'. 30" ; and upon the isc^if^icto be ft". 
16^. 2b'. The node of ihe fifth satellite is placed by 
M. Cassini in 5^V upon the %rbit of Saturn. M. 
de la Landeviskes it 6'. O**. 2f. From the observa- 
tion of M. Bernard, at M^neilles, in 1787, it appears 
that the node of this satellite is retrograde. 

(270.) Dr. Halky discovered that the cMrbit of the 
fourth satellite was excentric*; for^ having found it-s 
mean motion, he discovered that if s place by observa- 
tion was at one time 3** forwarder than by his calcula-. 
tions, and at other 9bservations it was 3°. 30' behind ; 
this indicated an excentriqity ; and he placed the fine 
of the apsides in lO*. 22\ PhiL Trans. N^. 145. 
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TABbfis of their Revolvhoks and Mean Motions. 

according fo M. de la Lande. 
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(271.) M. Cassini observed, that the fifth satellite 
disappeared regularly for about half it's revolution, 
when it was to the east of Saturn; from which he 
concluded, that it revolved about it's axis ; he after^- 
ward3» however, doubted of this. Bat Sir /. JVewfdn, 
in hia Principia^ Lib. III. Prop. 1 7, concludes from 
hcHce, that it revolves about it*s axis, and in the same 
Jiime th^t it revolves ab(5ut Saturn ; and that the varia^ 
ble appearance arises from some parts of the satellite 
not reflecting so much light as others. Dr. Herschel 
has confirmed this, by -tracing regularly* the periodical 
change of light through more than ten revolutions, 

M 3 
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which he found, in all appearances, to be cotemporaiy 
* with the return of the satellite to the same situation in 
it's orbit. This is further confirmed by some observa- 
tions of M. Bernard^ at Marseilles, in 1787 ; and -is a 
remarkable instance of analogy among the secondary 
planet». • ^ 

(273.) These are all the satellite which were 
known to revolve about Saturn, till the year 1789, 
when Dr. Herschel, in a Paper in the Phil. Trans, for 
that year, announced the discovery of a sixth satellite, 
interior to all the others^ and promised a further ac- 
count in another Paper. But in the intermediate time 
he discovered a seventh satellite, interior to the sixth ; 
and in a Paper upon Saturn and it*s ring, in the Phil, 
Trans. 1790, he has given dn account of the discovery ; 
with some of the elements of their motions. He 
afterwards added Tables of their niotions. 

(273.) After his observations ^^fpm the ring, he 
says, he canoot quit the subject without mentioning 
his o\Yn surmises^ and that of severaf other Astrono- 
mers, of a supposed roughnesdt>f the ring, ^ inequality 
in the planes and inclinations of it's flat. sides. This 
supposition arose irom seeing luminous points on it*s 
boundaries^ projecting like the moon's mountains ; or 
from seeing one arm brighter or longer than the other ; 
or even from seeing 'one arm when the other was 
invisible. Dr. Herschel was of this opinion, till be 
saw one of these poii^ts move off the edge of the ring 
in the form of a satellite*. With liis 20 feet telescope 
he suspected that he saw a sixth satellite ; and on 
August 19, 1787^ marked it down as probably being 
one; and having finished his telescope of 40 feet focal 
length, he saw six of it's satellites the moment he di- 
rected his telescope to the planet. This happened on 
.August 28, 1789. The rotrograde motion of Saturor 
was then nearly 4\ 30" in a day, which made it very 
easy to ascertain whether the stars he took to be sateU 
lites, were really so ; and in about two hours and an 
half after, he found that (he planet had visibly carried 



SAt£LLITfiS OF THE GEORGIaX. ISt 

them all away from their places. He continued his 
observations^ and on September I7, he discovered the 
seventh satellite. These two satellites lie within the 
orbits of the other five. Their distances from the 
center* of Saturu are 36",7889, and 28",6689 ; and 
their periodic times are id. 6h. 53'. 8",9, and 2Zh.3f. 
22'\9. The planes of the orbits of these satellites lie 
so near to the plane of the ring, that the difference 
cannot be perceived. * ' O 

On the Satellites of the Georgian. 

* 

{274.) On January 11, 1787, as iyr..Herschelw^s 
observing the Georgian, he perceived^ near it's disc, 
some very small stars, whose places he noted. The 
next evening, upon examining them, he found that 
two of them were missing. Suspecting, therefore, that 
they might be satellites which had disappeared in con- 
sequence of having changed their situation, he con- 
tinued his observations, and in the Course of a month 
discovered them to be satellites, as he had first con- 
jectured. Of this discovery he gave an account in the 
Phil, Trans. 1787. 

(275.) In the Phil. Trans, 1788, he published a 
further account oC this discovery, containing their pe- 
riodic times, distances, and positions of their orbits, so 
far as he was then able to ascertain them. The most 
convenient method t)f determining the periodic time of 
a satellite, is, either from it's eclipses, or from taking 
it's position in several successive oppositions of the 
planet ; but no eclipses have yet happened since the 
discovery of these satellites, and it would be waiting a 
long time to put in practice the other method. Dr. 
Herschel, therefore, took their situations whenever he 
could ascertain them with some degree of precision, 
and then reduced them, by computation, to such situa- 
tions as were necessary for his purpose. In comput- 
ing the periodic times, he has taken the synodic 
revolutions, as the positions of their orbits, at the 
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times when their situations were taken^, were not suffi-* 
ciently known to get very accurate siderealrevolutions. 
The mean of several results gave the synodic revolu* 
tion of the first satellite Sd. 17 h, I'. IQ^a, and of the 
second I3d. lib. 5". 1",5. The results^ he observes^ 
of which these are a mean^ do not much difi^r among 
themselves^ and tlierefore the mean is probably taler* 
ably accurate. The epochs from which their sitqaticms 
ma^ at any. time^ be computed are, for the^i^'^ Oct. 
19, 17*7, at I9A. 11'. 28"; and for the ^ec6«4» at 1 7 A. 
22\ 40"; at which times they were 7•6^ 43' north, 
following the planet. 

(276.) The next thing to be determined,* in the 
elements of the satellites, was their distances from t^ 
planet ; to obtain which, he fow^ one distance by 
observation, and then the other from the perix>di<< tisies 
(Article 162). Now, in attempting to discover tl^ 
distance of the second, the orbit was seemingly ellip- 
tical- Qn March 18, 1797, at 8A. 2'. 50'', he foiund 
the elongation te be 46'',46, this being the gfeatiefikoi 
all the measures he had taken* H'fnce, at the mean 
distance of the Gf|borgian from the earth, this elonga- 
tion will be 44",23.. Admitting, therefore, for the 
present, says Dp. Mtrschel, that t)he> sa;^llites move in 
circular orbits, we may take 44'',p3 for the^ true 
dh^tance, without much error ^ hence^ a^ the squatre^; 
of the periodic times are as t|he cuib^s of t^ di^ta^^es^ 
t^ distance of the first sateUitQ tx>mea, out ^S^^fiG^ 
The synodic revolutions were, h^ nsed instead pf t^ 
sidereal, whieh will make h^ a smaU'einror* 

(2770 The last thing to be doner wa% to deterusmo 
the incUnations of the orbits^ and places of ^ii^nodc^ 
Apd here a difficulty .presented iikself which cm^ opi 
be got over at the time oS his first observiitioii ;^ foe ifi 
could not then be determinecjl^ i9>[hi^hbjpairt of tbe^ q^bit 
wi^ inclined t9 the f^arth, and wbiphj4'<m it. Qi^tj^ 
two diflferent suppositions^ thillnefoQe^ Ik. Ifepschf^hm 
computed the inclinations of the orbits, %nd the plitcea 
of theix ho^^ aqdr found them sia follows* The <H*^it 
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of the second satellite is inclined to the ecliptic 99^*- 
43'. 53",3 or 81°. 6\ 44",4 ; it's ascending node upon 
the ecliptic is in 5*. 1 8®, or 8^. 6° ; and when the planet 
comes to the ascending node of this satellite, which 
wilt happen ahou( the year 1818, the northern 
half of the orbit will be turned towards the east or 
west, at the time of it's meridian passage! M. de la 
Lambre mBkes the ascending node in 5?. 21°, or 8«. 9% 
from Dr. HerschePs observations... The situation of 
the orbk of the first satellite does not materially differ 
from that of the second. The light of the satellites is 
extremely faint ; the second is the . brightest, but the 
diilfererice h small. The satellites are probably not 
less thstti those of Jupiter. , There will be eclipses 
of these Satellites about the year 1818, .when 
they will appear' to ascend through the shadow of the 
planet, in a direction almost perpendicular to the 
ecliptic. . 

Since these discoveries were made, Dr. tierschel has 
discovered four more satellites of the (Georgian, and 
foutid that their motions aVe all retrograde. P^hiL 
Trans. 1798. 




184 



Chap. XIX. 



ON THE RING OF SATURN. 

(278.) ^Galileo was the first person who ^bserved 
any thing extraordinary in Saturn. The planet ap- 
peared to him like a large globe between two small 
ones. In the year 1610 he announced this discovery. 
He continued his observations till l6l2, when he was 
surprised' to find only the middle globe; but some 
time 'after he again discovered the globes 'on each 
side, which, in proeess of time, appeared to change 
their form ; sometimes appearing round, sometimes 
oblong like an acorn, sometimes semidrcular, then 
with noriis towards the globe in the middle, and grow- 
ing, by degrees, so long and wide as to encompass it, 
as it were, with an oval ring. Upon this, Huygens 
set about improving the art of grinding object glasses ; 
and made telescopes which magnified two or three 
times more than any which had been before made, 
with which he discovered very clearly the ring of 
Saturn ; and having observed it for some time, he 
published the discovery in 1656. He made the space 
between the globe and the f ii:\g equal to, or rather 
bigger than the breadth of the ring ; and the greater 
diameter of the cing to that of the globe as 9 to 4^ 
But Mr. Pound; with a micrometer applied to 
HuygerC% telescope of 1 23 feet long, determiited the 
ratio to be as 7 to 3. Mr. fFkiston in his Memoirs of 
the Life of Dr. ClarJe, relates, that the Doctor s Father 
once saw a fixed star between the ring and the body 
of Saturn. In the year 1675, M. Cassini saw the 
ring, and observed upon it a dark elliptical line, divid- 
ing it, as it were, into two rings, the inner of which 
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apBeared brighter than the outer. He also observed 
a dark belt upon the planet^ parallel to the major axis 
of the ring. Mr. Hadley observed that the outer part 
of the ring seemed narrower than the inner part^ and 
that the dark line was faintier towards it's upper edge ; 
he also saw two belts, and observed the shadow of the 
ring upon Saturn. In October, 1714, when the plane 
of the ring very nearly passed through the earth, and 
was approaching it,.M. Maraldi observed, that while 
the arms were decreasing both in length and breadth^ 
the eastern arm appeared a Iktle larger than the other 
for three or four nights, and yet it vanished first, for, 
after two nights interruption by clouds, he saw the 
western arm alone. This inequality of the ring miade 
him suspect that it was not • bounded by exactly 
parallel planes, and that it turned about it's axis. But 
the best description of this singular phaenomenon is 
that given by Dr. Her'schely'm the Phil. Trans. 1790, 
who, by his extraordinary telescopes, has discovered 
many circumstances which had escaped. ail other ob-^ 
servers. We shall here give the substance of his 
account. 

(279O The black disc,* or belt upon the ring of 
Saturn, is not in the middle of .it's breadth ; nor. is the. 
ring subdivided by many such lines, as has been re- 
presented by some Astronomers ; but there is one *• 
single, dark, considerable broad line, belt, or zone, 
v^hich he has constantly found on the north side of 
the ring. As this dark belt is subject to no change 
whatever, it is probably owing to some permanent 
construction of the surface of the ring. This, con- 
struction cannot be owinjg to the shadow of a chain of^ 
mountains, since it is visible all round on the ring; 



* In a Paper in the PhiL TYans, 1*7^2, Dr. Herschel observes, 
that, *' since the year 1774 to the present time, I can find only 
four observations where any other black division of the ring is 
mentioned, than the one vrhich I bave constantly observed ; these 
were all in June, 1780.'' \ . 
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ft>r at the <!nds of the ring there could be no shade ; 
and the same argument will hold against any supposed 
caverns. It is moreover pretty evident, that this dark 
zone is contained between two concentric circles, as 
all the phaenomena answer to the prdection of such a 
zone. •The matter of the ring is unaoubtedly no less 
solid than the planet it^lf ; and- it is observed to cast 
a strong shadow upon the planet. The. light of the 
ring is also generally brighter than that of the planet ; 
for the ring appears sufficiently bright, when' the 
telescope afibrds scarcely light enough for Satumi Dr. 
Hersckel next takes notice of the extreme thinness of 
the ring. He frequently saw the first, second,* third, 
fourth, and fifth satellites pass before and behind the 
ring, in such a manner that they served as an excel- 
lent micrometer to measure if y thickness by. It may 
be proper to nientiona few instances, as they serve* 
also to solve' some phenomena observed by other 
Astronomers, without having been accounted* for in 
any manner that could be admitted consistently with 
other known facts. July 1», 1:789, at \6h. 41'. 9" 
sidereal time, the third' satellite seemed to hang upon 
the following arm, declining a little towards the north,. 
and was seen gradually to advance upon it towards. the 
body of Saturn ; but the ring was not so thick as the 
lucid point. July 2a, at \Qh. 41'. 8", the fourth 
satelhte was a veiy little preceding the ring, but the 
ring appeared to be less than half the thickness of the ' 
sa*elfite. July 27, at JOA^. 15'. 1 2", the fourth satellite 
was about the middle, upon the following arm of the 
ring, and towards the south ; and* the second at the 
farmer end, towards the north ; but the arm was 
liiinner than either. August 29, at 22h. 12". 25", the' 
fi£di satellite was upon tl^ ring,, near the end of the 
preceding arm,, and the thickness^ of, the arm seemed 
to be about -1^, or :|; of the diameter of the satellite,, 
which, in the situation^ it then was, he took to be less 
than one- second in diameter. At the same time the 
first appeared at a little distance folFowing 'the fifth, 
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In the shape ef a bead upon a thready projecting on 
both sidies of the same arm ; hence, the arm is thinner 
than the first, which is considerably smaller than the 
second, and a little less than the third. October 16, 
he followed the first and second satellites up to the 
very disc of the planet ; and the ring; which was ex- 
tremely faint, did not obstruct his seeing them gra- 
dually approach the disc* These observations are 
sufficient to show the extreme thinness of the ring. 
But Dr. Ilerschel further observes, that there may te 
a refraction through an atmosphere of the ring, by 
which the siatellites may be^lfted up' and depressed, so 
a3 to become visible oh both sides of the ring, even 
though the ring should be equal in thickness to the 
smallest ^atellite» which may amount to 1000 miles* 
From a series of observations upon luminous points of 
the ring^ he has' discovered that it has a rotation about 
it's axis, the time of which is lOh. 32'. 15'^4. 

(280.) The ring is invisible * when it's plane passes 
through the sun, o? the earth, or between them; in 
the first case, the sun shines bnly upon it's edge, 
which is too thin to reflect sufficient light to render it 
visible ;, in the second case, the edge only being odk 
posed to as^ it is not visible,, for the sanae reason ; la 
the third case, the dark side oi the ring is exposed ta 
us, and tbeyefore the edge being the only Tonutious 
part which is towards the earth, it is invisible on. the 
same account as before. Observers have dilfl&red lO 
or 12 days in the time of it's becoming invisible,.owing 
to the difference of the telescopes, aad of tbepstate o£ 
the atmosphere. Dr. Herschel observes that the ring 
was seen in his telescope, when we were turned to- 
wards the unenlightened side; so that be either saw 
the light reflected from the edge, or else the reflection 

*Th^ disappearance of the rioff is -only with the. telescopes in 
common use among Astronomers; ror Dr. Her^tkel, with his large 
telescopes^ has 'been aBle to see it in every sitnation. He thinks 
the edge.of the* ring is not iiat^ biitspbencal» •r sph«i>oidi«a)k 
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of the light of Saturn upon the dark side of tlie ring, 
as we sometimes see the dark part of tlie moon. He 
cannot, however, say which of the two might be the 
case; especially as there are very strong reasons to 
think, that the edge of the ring is of such a nature as 
not to reflect much light. M. ae la Lande thinks that 
the ring is just visible with the best telescopes in com- 
mon use, when the sun is elevated 3' above it*s plane, 
or three days before it's plane passes through the sun; 
and when the earth is elevated 2^. 20" above the plane, 
or one day from the earth's passing it. 

(281.) In a paper in tKe Phil. Trans. 1790, Dr. 
HerschelvenimeA to hint^it a suspicion that the ring 
was divided; this conjecture Was strengthened by fu- 
ture observations, after he had an opportunity of seeing 
both sides of the ring. His reasons are these : 1 . The 
black division, upon the southern side of the ring, is in 
the same place, of the same breadth, and at the same 
distance firom the outer edge, that it always appeared, 
upon the northern side. 2. With his seven feet re- 
flector and an excellent speculum, he saw the division 
on the ring, and the open space between the ring and 
the body, equally dark, and of the same colour with 
the heavens about the planet. 3. The black division 
is equally broad on each side of the ring. From these 
observations. Dr. HerschelihmV'^ himself authorised 
to say, that Saturn has two concentric rings, situated 
in one plane, which is probably not much inclined to 
the equator of the planet. The 'dimensions of the 
rings are in the following proportions, as nearly as they 
could be ascertained. 

Parts, 

Inside diameter of the smaller ring - . 5900 

Outside diam'eter - - - - - - 75 10 

Inside diameter of the larger ring - 7740 

Outside diameter 8300 ' 

Breadth orthe inner ring - - - r 805 

Breadth of the outer ring * - - - 280 

Breadth of the space between the rings 115 
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In the Mem. de VAcad. at Paris, 1787, TA. dela 
Place supposes that the ring may have many divi- 
sions ; but Dr. Herschel remarks, that no observations 
will justify this supposition. 

' (282). From the njean of a great many measures of 
the diameter of the larger ring, Dr. Herschel makes it 
46", 67 7 at the mean distance of Saturn. Hence, it*s 
diameter : the diameter of the earth :: 35,8914* : 1. 
From the ^bove proportion, therefore, the diameter of 
the ring must b^ 204883 miles ;. and Che distance of 
the two rings 2839 miles'. • 

(983.) The ring being a circle, appears elliptical 
fromit*s oblique position ; and it appears most open 
when Saturn is 00"" from the nodes of the ring upon 
the orbit of Saturn, or when Saturn's longitude is 
about^ 2*. 17% and 8*. .17^ In such a situation, the 
minor axis is extremely nearly equ^l to half the 
major, when the observations are reduced to the sun; 
consequently the plane of the ring makes an angle o£ 
about 30^ with the orbit of Saturn. 
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Chap. XX. 

ON TllE ABERRATION OF LICHT. 

(!284.) .In the year 1725} Mr. Molyneuos, insisted by 
I3r. Bradley, fftted up a zenith sector at K.ew,in order 
to discover whether the fixed stars had any sensible 
parallax *, that is, whether a star would appear to 
nave cliariged ifs place whilst the earth moved from 
one extremity of the diameter of.ifs orbit to the 
other; or, which is the same, to determioe whether 
the diameter of the earth's orbit subtends any sensible 
angle at thcj star. I'he very important discoveiy 
arising from their observations is so clearly and fully 
related by Dr. Bradley ^ in a letter to Dr. HaUey\ that 
I cannot do better than give it to the reader in his 
own words. Phil. Trans. N°. 406. 

(285.) *^ Mr. Molyneux's apparatus \fas completed 
and fitted for observing, about the end of November^ 
1725, and on the third day of December following, 
the bright star in the head of Draco, marked r by 
Bayer, was for- the first time observed* as it passed 
near the zenith, -and it's situation carefully taken with 
the instrument. The like observations were made on 
the 5th, 11th, and 12th of the same month; and 



* Dr. Hook was the first inventor of this method, and in they ear 
1669 he put it in practice at Gresham CoUegej^ with a telescope 36 
feet long. His first observation was July 6/ at. which time he 
found the bright st&r in the head o>i Draco, marked T by Bayer, 
passed about 2\ 12" northward from the zenith ; on July 9^ it 
passed at the same distance ; on August G, it passed 2^. 6" north- 
ward from the zenith; on October 21/ it passed 1'. 48*^ or^O" 
north from the zenith, according to his observations. See his 
CiUlcrian Lectures. 
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there appearing bo material difference in the place of 
the 9tar, a farther repetition of them at this season 
seemed needless^ it being a part of the year wherein 
no sensible alteration of paraUaj: in this star.couk[ soon 
be ejcpected. It was chiefly, therefore^ curiosity that 
tempted me (being tlien at. Kevf, where the instru- 
ment was fixed) to prepare for observing the star on 
December ly, when, haying adjusted the instrument 
as usual, I perceived that it passed a little more south- 
wardly this day than when it was observed before. 
Not suspecting any other cause of .this appearance, we 
first concluded that it was owing to the uncertainty of 
the observations, and that either this or the foregoing 
were not so exact as we had supposed ; for which rea** 
son we purposed to repeat the observation again, in 
order to d^rmine from whence this difierence pro* 
ceeded; arid upon doing it on December 20, I foimd 
that the star passed still more southwardly than in the 
former observations. This sensible alteration the more 
surprised us, in that it was the contrary way from 
what it would have been, had it proceeded from an 
annual parallax of the star : but being now pretty 
well satisfied that iX could not be entirely owing to the 
want of exactness in the observations, and having no 
notion of any thing else that could cause such an ap- 
parent motion as this in the star, we began to think 
that some change of the materials) &c. pf the instru*. 
ment itself might have, occasioned it. Under these 
apprehensions we remained some time ; but being at 
length fu|)y convinced^ by several trials, of the great 
exactness of the instrument, and finding, by the gra- 
dual increase of the starts distance from the pole, that 
there must be some regular cause that produced it, we 
took care to examine nicely, at the time of each ob- 
s^fvation, how much it was ;- and about the beginning 
of March,. 17 26, the star was finind to be 2H)''' more 
southwardly than at the time of the first observation. 
It now indeed, seemed to have arrived at it^ utmost 
limit southward, because in several trials made about 
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this time, no sensible difierence was observed in it's si* 
tuation. By the middle of April it appeared to be re- 
turning back again towards the'nor^th ; and about the 
beginnmg of^June it passed at the same distance from 
thie z^ith as it had done in December when it was 
first observed. 

From the quick alteration of the stars declination 
about this time (it increasing a second in three days) 
it was concluded that it would h6w proceed north ward^ 
as it before had gone southward of its present situa- 
tion ; and it happened as was conjectured, for the.star 
continued to move northward till September following, 
when it again became stationary, being then near 20'' 
more northwardly than in June, and no less tlian 39" 
more northwardly than it was in March. From Sep- 
tember the star returned towards the souths till it 
arrived in December to the same situation it was in at 
that time twelve months, allowing for the difference of* 
declination on account of the precession of the equinoxJ 

This was a sufficient proof that the instrument had, 
not b^n the cause of this apparent motion of the star, 
and to find one adequate to such an efifect, seemed a 
difficulty. A nutation of the earth's axis was one of 
the first things that offered itself upon this occasion, 
but it was soon found to be insufficient ; for though it 
might have accounted for the change of declination in 
7 Draconis, yet it would not at the same time agree 
with the phaenomena in. other stars, particularly in a . 
small one almost oppiosite in right ascension to y 
Draconis, at about the same distance from t)j^e. north 
poleof the equator; for though this star seemed to 
move the same way as a nutation of the earth*s axis 
would have made it, yet it cRangiiig it*s declination 
but about half as much as 7 Draconis in the same 
time, (as appeared upon comparing the observations of 
both made upon the same days at different seasons of ^ 
the year,) this plainly proved that the apparent motion 
of the stars was not occasioned by a real nutation, since, 
if that had been the cause., the alteration in both stara 
wouldLhave been nearly equal. 
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The great regularity of the observations left no room 
to doubt but that there was some regular cause that 
produced thia unexpected motion^ which did not de- 
pend on the uncertainty or variety of the seasons of the 
year. Upon comparing the observations with each 
other^ it was discovered, that . in both the fore-men- 
tioned stars, the apparent difference of declination 
from the maxima was always, nearly proportional tp 
the versed sine of the sun's distance from the equi- 
noctial points. This was an inducement to think that 
the cause, whatever it was^ had some relation to the 
sun's situation with respect to those points. But not 
being able to frame any hypothesis at that time, suffi- 
cient to solve all the phsenomena, and being very 
desirous to search a little faither into this matter, I 
began to think of erecting an instrument for myself 
at Wansted ; that, having it always at hand, I might 
with the more ease and certainty enquire into the laws 
of this n^w motion. The consideration, likewise, of 
being able, by another instrument, to confirm the 
truth of the observations hitherto made with Mr. 
Mofyneux\ was no small inducement to me ; but the 
chief of all was, the opportunity I should thereby 
have of trying in what manner other stars were affected 
by the same cause^ whatever it was. For Mr. Moly- 
neux's instrument being originally designed for ob- 
serving 7 Dracoiiis (in order, as I said before, to try 
whether it had any sensible parallax) was so contrived 
as to be capable of but little alteration in it*s direction, 
not ab(>ve seven or eight minutes of a degree; and 
there being few stars within half that distance from 
the zenith of Kew, bright enough to be well observed, 
he could not with his instrument thoroughly examine 
how this cause afl^ted stars differently situated with 
respect to the eijuiaoctial and solstitial points of the 
ecljiptic. 

These considerations determined me; and by the 
contrivance and direction of the very ingenious person 
Mr. Graham, my instrument was fixed up Au^^st 
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19 1 1737- Ab I had no eonvetiient place whcie I 
couM make nw of so long a telescope as Mr. Moly^ 
WpLX^^9 1 cpnCented myaalf with one of hot little ttiore 
than half the length of hia (viz. of about ia|^ feet, hit 
being 94|) judging) from the e^^perienoe which I had 
already had, that thi» radina would be long enough to 
a4iu8t the instrument to a suf&eient degree of gsbxA^ 
;)es«| and I have had no reason since to change my 
opinion ; . for^ from all the trials I have yet made, I am 
well satisfied, that when it is cansfully rectified, it*s 
situation mav be aecurely depended upon to half a se* 
pond* As the place where my instrument was to be 
h^ug, in pome measure determined it's radius, so did 
it also thi^ length of the arch or limb on which the 
divisions wer^ made to acyust it ; for the. arch could 
not wnvepiently be extended farther than to reach to 
about 6^. )5' on each aide my zenith. This indeed 
was sufficient, sino^ it gave an opportunity of making 
choice of several stars very different both in magnitude 
and situation, there being more than two hundred in« 
s^ted in the British Catalogue, that maybe observed 
with it. I needed not to have extended the limb so 
far, but that I was willing to take in Gapella, the only 
star of the firf t magnitude that comes $o near to my 
zenith. 

My instrument being fixed, I imneiediately began to 
observe su<:h stars as I judged most proper to- give me 
light into the cause of the motion already mentioned. 
Ther^ was variety enough of small ones, and not less 
than twelve that I could obaerve through all the sea^ 
6ons of the year, they being bright enough to be seen 
in the day-time> when nearest the sun. I had not 
been long observing, before I perceived that the notion 
wf had before entertoined, of the stars being farthest 
north and south when the sun was about the equinoxes, 
was only true of those that were near the solstitial 
colure; aud al^er I had continued my observations a 
few months, I discovered, what I then appr^iended 
to be 4 general law, observed by all the stars^ viz. that 
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eftch of th^n became etationaiy, or was farthest north 
or south wheo they passed over my cenith at six o'clcx^ 
either in the morning or evening. I perceived like* 
wise» that whatever situation the stars were in, with 
respect to the cardinal points of the ecliptic, the appa- 
rent motion of every one tended the same way when 
they passed my instrument a^ut the same hour of 
the day or night ; for they all moved southward while 
they passed in the day, and northward in the night ; 
so that each was farthest north when it came about 
six o'clock in* the evening, and feirthest south when it 
came about six in the morning. 

Though I have since discovered that the maxima in 
most of these stars do. not happen exactly wheii they 
come to my instrument at tlfose hours, yet, not being 
able at that time to prove the contrary, and supposing 
that they did, I endeavoured to find out what propor- 
tion the greatest alterations of declination in different 
stars bore to each other ; it being very evident that 
they did not all change their declinations equally. I 
have before taken notice that it appeared from Mr. 
Molvneux*s observations that 7.Draconis altered it*8 
declination about twice as much as the fore- mentioned 
small star almost opposite to it ; but examining the 
matter more particularly, I found that the greatest 
alteration of declination in these stars was as the sine 
of the latitude of each respectively. This made me 
suspect, that there might be the like proportion be- 
tween the maxima of other ^stars; but finding that the 
observations of some of them would not perfectly cor- 
respond with such an hypothesis, and not knowing 
ffhether the small difference I met with might not be 
owing to the uncertainty and error of the observations, 
I deferred the farther examination into the truth of 
this hypothesis, till I should be furnished with a series 
pf observations made in all parts of the year ; which 
might enable me> not only to determine what errors 
the observations are liable to^ or bow far they may 

N 2 
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safely be depended uppn ; but to judge whether there 
had been any sensible change in the parts of the in- 
strument itself. 

Upon these considerations I laid aside all thoughts 
at that time about the cause of the fore-mentioned 
phenomena, hoping that I should the easier discover 
it, when I was better provided with proper means to 
determine more precisely what they were. 

When the year was completed, I began to examine 
and compare my observations, and. having pretty well 
satisfied myself as to the general laws of the phe- 
nomena, I then endeavoured to find out the cause of 
them. I was already convinced, that the apparent 
motion of the stars was not owing to a nutation of the 
earth's axis. The next thing that oflfered itself, was 
an alteration in the direction of the plumb-line with 
which the instrument was constantly rectified; but 
this, upon trial, proved insuflicient. Then 1 con- 
sidered what refraction might do; but here also 
nothing satisfactory occurred. At last I conjectured, 
that all the phaenomena hitherto mentioned, proceeded 
from the progressive motion of light and the earth's 
annual motion in it*s orbit. For I perceived, if light 
was propagated in time, the apparent place of a fixed 
object would not be the same when the eye is at rest, 
as when it is moving in any other direction than that 
of the line passing through the eye and object; and 
that when the eye is moving in different directions, the 
apparent place of the object would be different" 

This is Dr. Bradlejf^s account of this very important 
discovery; we shall therefore proceed to show that 
bis principle will solve all the phaenomena. 

(286.) The situation of any object in the heavens 
is determined by the position of the axis of the tele- 
scope annexed to the instrument with which we mea- 
sure ; for such a position is given to the telescope, that 
the rays of light from the object may descend down 
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the axis, and in that situation the index shows the 
angular distance required. Now if light be progres- 
sive, when a ray from any object descends down the 
axis, the position of the telescope must be different 
from what it would have been, if light had been instan- 
taneous, and thereforethe place to which the telescope 
is directed, will be difFerent from the true place of the 
object. For let -^ be a fixed star, VF the direction of 
the earth's motion, SF the direction of a particle of 
light, entering the axis ac of a telescope at o, and 
moving through aF while the earth moves from c to^ 
F\ then, if the telescope continue parallel to itself, the 
light will descend in the axis. For let the axis, wm, 
FWy 'continue parallel to «c; then^ considering each 
motion * as uniform, the spaces described in the same 




time will continue in the same proportion; but c^: 
aFv. ch: av^ and by supposition cF, aF, are descnbed 



* The motibn of the spectator arising from the rotation of the 
earth about itfs axis is not here taken into consideration, it being 
so small as not to produce any sensible effect. 
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in the tacoe time, therefore cn^ a v, are described in 
the same. time; hence, when the telescope cosnes into 
the aituation nm^ the particle of light will be in the 
axis at v; and this being true for every instant, in this 
position of the telescope the ray will descend down the 
axis, and consequently the plate of the star, deter- 
mined by the telescope at F, is ^> and the angle S Fsl 
18 the aberration^ or the differenee between the true 
piace of the star and the place determined by the in* 
strument. Henee^ if we take any line FS : Ft :: ve* 
leeity of light : the velocity of the earth, and join Sf, 
and complete the parallelogram FtSs, the aberration 
will be equal to the angle FSt Also S represents 
the true place of the sttr^ and s the place determined 
by the instrument. 

(287*) As the place measured by the instrument 
differs from the true place, let us next consider how 
the progressive motion of light may effect the place of 
the star seen by the naked eye. If a ray of light fall 
upon the eye in motion, it*s relative motion, in respect 
to the eye, will be the same as if equal motions were 
impressed in the same direction upon each, at the in- 
stant of contact ; for equal motions in the same direc* 
tion, impressed upon two bodies, will not afiect their 
relative motions, and therefore the effect of one upon 
the other will not be altered. Let f^F be a tangent 
to the earthfs orbit at Fy which will represent the di- 
rection of the earth's motion at /^ 5" the star, join S'F, 
and produce it to G, and take FG : Fn :i the velocity 
of light : the velocity of the earth's m it's orbit, and 
complete the parallelogram nFOHj and draw the 
diagonal FH. Now as JFG, nF^ represent the mo- 
tiona of light aad of the earth hn it.*a orbits conceive a 
notion Fn equeJ^ and opposite to nF to be impiiessed 
upon the eye at F, and upon the ray of light, then the 
eye will be at rest, and the ray or light, by the twa 
motions FG^ Fn, writ dieseribe thediogonal FH\ this, 
therefore, is the relative motion of the ray of light m 
respect to the eye itself* Hence, the object appears 



in thd dife<(tion HF^ dnd c!otiseqH^tIy it's apparent 
plAte ditfersf frdtti if s tnie jrface by tb^ Single OFH^ 
F8t. It ^p|ieat9, therelbre, that the appdrent plaice 
^ the btgeet to tb^ niiked eye, i^ the ^(ite ati the place 
determined by the itis^umemt. We may tberefore 
call the place, measured by the instrument, the appa- 
rent place. Many writers have given the explanation 
in this article, as the proof of the aberration, not con. 
sidering that the aberration is the difference between 
the true place and that determined by the instrument, 
or the instrumental error; indeed, in this case, the 
apparent place to the naked eye, coincides with the 
place determined by the instrument, and therefore no 
error has been produced by considering it in that point 
of view; but it introduces a wrong idea of the subject ; 
the correction which we apply, or the aberration, is 
the correction of the place determined by the instru- 
ment, and therefore the investigation ought to proceed 
upon this principle; how much does the place, deter- 
mined by the instrument, difier from the true place ? 

(288.) By Trigonometry, Art. 128, sin. FSt : sin. 
Ft 8 :: Ft : FS :: velocity of the earth : velocity 
<rf%htj h^ftce, sfine of abefrtrfioW m 9M. FtSn 

\ ] 4 ^Jk i^ > therefore^ if we consideF the velocity of 

ifieeaftb and of liglft tbbcf cf6tt^srnt, ttt^ sine of Abci*- 
ratiow, df the* abfifrrktrorf ftsetf a^ h ft^vdr elttt&is ^(i\ 
Wiiies dsf sin. PtS^ ^nd th^f6fot'6 isf gfeAt66t ^henr thitt 
fimfgfe is d right dngl6 ; % theMow, ^ fcer pirt for thd 
ditt6 bf jPlf^ we hsite 1 {itsA.\ r ^ r: 201^ > ^ k 2(y' the 
ftbetwttton. "Aetit^y t^heti Ft cbtnctde* inth i^, ot 
the dalrtb hf movJng^^ diri^dtfy to of frbfti it rfaci*, <h6re is 
ftd abeffatiort. 

(2««J As (by db-ydfttftion) the ingle FSt =± 2^\ 
fdieti FtS:=g(f^^ we hAve, dhe t^etodtif of th^ earth % 
Pilodtff of light a sm. 20" : radius :f 1 : 10314. . 

(290.) The aberration S's' lies, from the true ptaft 
^th^^r, i«r«di#ef<^i6n JlilitalfeH^f^^dffecticHVbf tfM 
6fifitkV mMibn', ^nd* towards the ^nie pufft; 
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(291.) Whilst the earth makes one revolution in 
it's orbit, the curve, parallel to the ecliptic, described 
by the apparent place of a fixed star, is a circle. For 
let AFBQ be the earth's orbit, K the focus in which 
the sun is, H the other focus ; on the major axis AB 



'*' 




describe a circle in the same plane ; draw a tangent yJFZ 
to the point F, and jK^,£fZ, perpendicular to it; then 
(Conic Sect. Ellipse, prop. 5), the points y and Z will 
be always in the circumference of the circle. Let S 
be the true place of the star, any where out of the 
plane of the ecliptic, which therefore must be conceived 
as elevated above the plane w^JFJSd, and take tFi FS 
as the velocity of the earth to the velocity />f light, and 
complete the parallelogram FtSs^ and s will (286) be 
the apparent place of the star. Draw FL perpendi- 
cular to 2^i3, and let fFsFaf be the curve described by 
the j^int s, and frsy be parallel to FL. Now (from 
physical principles) the velocity of the earth varies as 

ji-, or as HZ (Con. Sec. El. p. 6) ; but tF, or & 

represents the velocity of the earth ; hence, Ss varies 
AS HZ. Also, as Ss^ SFyzn parallel to Fy^ FL^ the 
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angle sSF'ss the angle yFLj which is = the angle ZfiTL^ 
because the angleZFZ added to each makes two right 
angles, for in the quadrilateral figure LFZH, the 
angles L and Z are right ones. Hence, as Ss varies 
as HZ, and the angle sSF^=iZHA^ the figures de- 
scribed by the points s and- Z must be similar; but Z 
describes a circle in the tinie of one revolution of the 
earth in it's orbit ; hence, s niust describe a circle 
about & in the same time. And as Ss is always 
parallel to tF which lies in the plane of the ecliptic, 
the circle fFsFx is parallel to the ecliptic. Also, as <S 
and H are two points similarly situated in fVf^. and 
ABy it appears that the true place of the star divides 
that diameter, which, although in a different plane, we 
may consider as perpendicular to the major axis of the 
earth's orbit, in the same ratio as the focus divides the 
major axis. But as the earth's orbit is very nearly a 
circle, we may consider S in the centre of the circle, 
without any sensible error. 

(292.) As we may, for the purposes which we shall 
here want to consider, conceive the earth's orbit AFBQ 
to be a circle, and therefore to coincide with AyZB^ 
if from the center C we draw Cs' parallel to Ss, or yF^ 
s' will be the point in that circle corresponding to s in 
the circle ff^sFx ; and as jy=90^, the apparent place 
of the star in the circle of aberration is always 90^ 
before the place of the earth in it's orbit, and conse- 
quently the apparent angular velocity of the star and 
earth about their respective centers are always equal. 
It is further supposed, that the star S is at an indefi- 
nitely great distance ; for the true place of the star is 
. supposed not to be altered from the motion of the 
earth, and considering F8 as always parallel to itself, it 
will always be directed to iS" as a fixed point in the 
heavens. Hence also, as the apparent place of the 
sun is opposite to that of the earth, the apparent place 
of the star, in the circle of aberration, is 9^ behind 
that of the sun. 

(293). As a small part of the heavens may be con* 
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oeited as a plane perpendicular to a line joining the 
star and eye, it follows, from the principles of ortho- 
graphic projection < that the circle it m ft /I parallel to the 
ecliptic described by the apparent place of the star^ pro- 
jected upon that plane, will be an ellipse ; the apparent 
path of the star in the heavens will therefore be an 
ellipse, and the major axis will be to the minor, as 
radius to the sine of the starts latitude. For let CE be 
the plane of the ecliptic, P it's pole, PE a secondary 
to it, PC perpendicular to 'EC, C the place of the eye, 
and let aft be parallel to CE, then it wilt be that 
diameter' of the circle anhm of aberration which is 
aeen most obHqneTy, and consequently that diameter 
which is projected into the minor axis of the ellipse; 
let mn be perpendicular to ah, and it will be seen di- 
rectly, being perpendicular to a line drawn from it to 




tiw^r ^^ therefore will he dMf majof ajris ; dr»w Ca, 
CMj mA ad » the ptqiedtioii of abt and as' ad m^ 
be <»itsMer«d af a straigl^t hivey we hete (Trig. Ah. 
1 2S) fpm or «ft^ the majo^ asis, : dfrf the ttrtxwfi :: rtld. 
^ sin; aiiil^ m B€d the stiarV latitude. As the angle 
bad i^tbt cMAptemeitt 6f€M, or of thestatr^s kitituA^^ 
the drde is prcgieoted upott a pfaffe making vcti angte 
with it equ^l to the domptensent of the star's latkof^. 
(^94.) Afif the minor aotis da coincides with a ^^ 
coodary to the eeliptY^^ it must he perfpendicular to it, 
and the major axis mn is parallel to it, it's^positiion- not 

hmtgtileefi^ by ^ pv^je^on. Q^nccf, in the poie- of 
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the ecliptic^ the sine of the star's latitude being radius^ 
the eltipse beconae» a cirde; and in the plane of the 
ecliptic, the sine of the star's latitude being = 0, the 
minor axis vanishes, and the ellipse becomes a straight 
line, or rather a very sofiaU part of a circular arc, 

(295.) To find the aberration m latitude and longi- 
tude. Let ABCD be the earth's orbit, supposed to 
be a circle with the sun in the center at x, and con- 
ceive P to be in a line drawn from x perpendicular to 
ABCD^ and to represent the pole of the ecliptic ; let 
S be the true place of the star, and conceive apcq to 
be the circle of aberration parallel to the ecKptic, and 
a 6c rf the ellipse into which it is projected ;let ^T be 
an arc of the ecliptic, and draw the secondary PSG to 
it, and (293) it will coincide with the mirxor axis bd 
into which the diameter /?y is projected ; draw GCxA^ 
and it is parallel to pqj and BxD perpendicular to 
AC must be parallel to the major arxis a c ; thei>, when 
the earth is at A, the star is in conjunction, and in 
opposition when the earth is at C Now, as the place 
of the star in the circle of aberration (292) is always 
90** before the earth in it's orbit, when the earth is at 
Aj B, C, />, the apparent places of the star in the 
circle will b^ at a, J9, c, 9, and in the ellipse at a, ft, c, 
di and to find the place of the star in the circle, when 
the earth is at any point E, take the angle pSs^ExBy 
and * will be the corresponding place of the star in the 
circle; and to find the projected plaee> in the ellipse^ 
draw sv perpendicular to Scy and vt perpendicular tq 
5c in the plane of the ellipse^ and t will be the appa- 
rent pfeee of the star in the ellipse; join st^ and it 
win be perjpendiciilar to vt^ because the prdectron^ of 
the cbde mto the ellipse is in lioea perpendfcuTar to 
the ellipse; dnvw the secondary PvtK, which will,, ati 
to sense, coinci4e witli tft^ unless the star be very near 
to> the pole of the ecTijrtic s therefore the rules here 
given will be sufficieutly accurate, except in that case* 
Now as cvS is parallel to the ecliptic, S and v must 
have the game latftud« ; htnee^ vt is the sberratioti m 
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latitude ; and as O is the true, and K the apparent 
place of the star in the ecliptic, GK is the aberration 




in longitude. To find these quantities, put m and n 
for the sine and cosine of the angle sScj or CxE^ the 
earth's distance fironi syzygies, radius being unity ; and 
as (293) the angle ^t;/::=the complement of the starV 
latitude, the angle vst=i the star's latitude, for the sine 
and cosine of which put v and u;, and put r = Sa, or 
Ss ; then in the right-angled triangle Ssv (Trig. Art. 
128) I : m :: r t svszrm; hence, in the triangle 
vtSy 1 iviirmi tv^rvm the aberration in latitude. 
Also, in the triangle Ssv, 1 : n :: r : v8^=:rn; hence^ 



rn 



w (13) : 1 :: rn : OK:=^ -^ the aberration in longitude 
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When the eftrth is in syzygies, m=0, therefore there 
is no aberration in latitude ; and, as n is then greatest^ 
there is the greatest aberration in longitude ; if the 
earth be at A, or the star in conjunction, the apparent 
place of the star is at a, and reduced to the echptic at 
H; therefore OH is the aberration^ which diminishes 
the longitude of the star, the order of the signs being 
•f GT; but when the earth is at C, or the star in 
opposition, the apparent place c reduced to the ecliptic 
is at Fy and the ablerration GF increases the longitude; 
hence, the longitude is the greatest when* the star is in 
opposition, and least when in conjunction. When the 
earth is in quadratures at Dor B, then n=0, and m 
is greatest ; therefore there is no aberration in longi- 
tude, but the greatest in latitude ; when the earth is 
at Z>, the apparent place of the star is at d, and the 
latitude is there increased ; but when the earth is at 
B, the apparent place of the star is at b, and the lati- 
tude is diminished; hence, the latitude is least in 
quadrature before opposition, and greatest in quadra^ 
ture after. From the mean of a great number of ob- 
servations, Dr. Bradley determined the value of r to 
be20", 

Ex. 1 1 What is the greatest aberration in latitude 
and longitude of y Ursce minoris, whoSe latitude is 
75^ 13' ? First, m= 1, 'v =,9669 the sine of 75*: 13'; 
hence, 20" x 9669=19'',34 the greatest aberration in 
latitude. For the greatest aberration in longitude, 

20" 
n=l, w;=,2551 ; hence, ■ ■ = 7.8",4 the greatest 

aberration in longitude. 

Ex. 2. What is the aberratipn in latitude and longi- 
tude of the same star, when the earth is 30"* from 
svzygies ? Here m = ,5 ; hence, 19",34 x ,6 =9",67 
the aberration in latitude. If the earth be 30° beyond 
conjunction or before opposition, the latitude is di- 
minished ; but if it be 30^ after opposition or before 
conjunction, the latitude is increased. Also, n=r,866 ; 
hence, 78'',4 x ,866=»67",89 the aberration in longi- 
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tude. If the earth be 30® from conjuQCtian, the 
longitude is diminished; but if it be 30^ from opposi- 
tion, it is increased. 

Ex. 3. For the Sun, msO and nssl^w^l; hence, 
it has no aberration in latitude, and the aberration in 
longitude =r s30'' constantly. This quantity 20'' of 
aberration of the sun, answers to it's mean motion in 
8'. 7". 30'", which is therefore the time in which the 
light moves from the sun to the earth at it's mean dis- 
tance. Hence, the sun always appears 20'' backwarder 
than it*s true place. 

(29S.) To find the aberration in right ascension 
and declination. Let A EL be the equator, p it's pole ; 




ACL the ecliptic, P it's pole ; S the true place of the 

star, s the apparent place in the ellipse; draw the great 

circles, P*a, Psb, p8w, pSv, and SVy st perpendicular 

to Pbfpv. Now 5i; = rt;/» (295); also, Syssrn; 

hence, (Trig. Art. 123) rvw (vs) r rn {Sv) :: rad. : 

^ o w cotan. earth's dist. syzy. . , 

tan. Ssv sz-r--^ — : r—. ^-^ = coscc. star s 

vm sm. star s lat. 

lat. X cotan. earth's distance from syzygies. Thus we 
immediately compute the angle Ssv; compute also the 
angle of position P^ from the three sides of that tri- 
angle being given (Trig. Art. 239)^ and we get the 
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angle Ssp, it being the sum or difierenoe of S^ v and 
Psp. Put a and b for the sine and cosine of SLw, c and 
d for the sine and cosine of Ssp^ ^=:cosine of the star's 
declitiation ; then (as sVj st, are the cosines of SsVj Sst^ 

to radius sS) h : d :: sv ( ^=zrpm) : st = rvmx r= 20"x 

vm X r the aberration in declination; and (as Sv, St, 
are the sines of Ssv, &/, to radius ^aS) a:c ::Sv{=:m) 

: 8t^^^; hence (13), vti^(« _J^)«2(/'x -2S 
a ^ ^ cos. dec. ^ aM 

the aberratioa ia right ascension. 
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ON THE ECLIPSES OF THE SUN AND MOON. 



{297.) An eclipse of the Moan is caused by it's en- 
tering into the earth*8 shadow^ and consequently it 
must happen when the moon is in Opposition to the 
sun, or at the full moon. An eclipse of the Sun is 
caused by the interposition of the moon between the 
earth and sun, and therefore it must happen when the 
moon is in conjunction with the sun, or at the new 
moon. If the plane of the moon's orbit coincided with 
the plane of the ecliptic, there would be an eclipse at 
every opposition and conjunction ; but the plane of 
the moon*s orbit being inclined to the ecliptic, there 
can be no eclipse at opposition or conjunction, unless 
at that time the moon be at, or near to the node. For 
suppose MMmnt! be the orbit of the moon, and let 
the other circle represent the plane of the earthV 
orbit, or that plane in which the sun <S, appears as 
seen from the earth £, and let these two planes be 
inclined to each other, so that we may conceive the 
part MMm to lie above, and the part mm'il/ below the 

glane of the earth's orbit; and Af, m, ai'e the nodes. 
Tow if the moon be at 3f, in conjunction,, the three 
bodies are then in the same plane, and therefore the 
moon is interposed between the earth and sun^ and 
causes an eclipse of the sun. But if the moon be at 
M when the sun comes into conjunction at S^ M is 
now elevated above the line joining E and #$", and M 
may be so far from M, that the elevation of ISf above 
the line ES may be so much, that the moon may not 
be interposed between E and S^ in which case there 
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will be no eclipse of the sun. Whether^ therefore^ 
there will be an eclipse of the sun at the conjunction, 
or not, depends upon the distance of the moon from 
the node at that time. If the moon be at m at the 
time of opposition, then the three bodies being in the 
same right liiie, the shadow Ef^ of the earth must fell 
upon the moon, and the moon must suffer an eclipse.. 
But if the moon be at m' at the time of opposition, m' 
may be so far below the shadow Ev of the earth, that 
Ibe moon may not pass through it, in which case 
there will be no eclipse. Whether, therefore, there 




will be a lunar eclipse at the time of opposition, or 
not, depends upon the distance of the moon from the 
node at that time. If the two planes coincided, there 
would evidently be a centAil interposition every con- 
junction and opposition, and consequently a total 
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eclipse. Mef&n, who liv^ about 430 years before 
GRkisT, obsefrved^ (bat after 19 years, the new and fiiU 
nfttons returned agatta on the same day of Ihe month. 
The ancient Astronomers also obeerved, that at the 
efnd of 18 year^ 10 days, a period of 223 hmations^ 
there was a retikm of tne same eclipses ; and benoe^ 
l^ey were enabled to foi^tel when tbey would happen, 
l^is i^ mfentioned by Plirnf the Naturalist, Lib. II. 
Ch. is. and by Piokmy, L*. IV. Ch. 3. Thk 
restitution of eclipses depends npon the return of the 
following elements to the samie etote,— l.The sim's 
place. 2. The moon*s place. 3. The place of the 
moon's apogee. 4. The place of the ascending node 
of the moon. Tbe exact recurrence of these can 
never take place ; but it so nearly happens in the 
above time, as to produce eclipses remarkably corre- 
sponding. In this manner Dr. HaUey predicted and 
published a return of eclipses from 1700 to 17I8, 
many of them corrected from observations ; together 
with the following elements. — 1 . The apparent time 
of the middle. 2. The sun's anomaly. 3. The an- 
nual argument. 4. The moons latitude. He says^ 
that in this period of 223 lunations, there are 18 years 
10 or 11 clays (according as there are five or four 
leap-years) ^h. 43'f ; that if we add this time to the 
middle of any eclipse observed, we shall have the re- 
turn of a corresponding one, certainly within \h. 30'; 
and that, by the help of a few equations, we may find 
the like series for several periods. 

To explain the Principles of the Calculation of an 

Eclipse of the Moon, 

(298.) The first thing to be done, is to find the 
time 6f fh^ mean* opjpdsitioh. To get nihich, iittn» 






* Tbe iimt of th^. mean ^ppOBkion is the time when the ppposF- 
tton would have taken place, if the motions of the bodies had^Deen 
liiirform. 
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tbe Tables of £paots^» pniPBgist the TaUei pf the 
m^c^'s motiop, take out the epact for the year and 
month} and ^subtract the 9um from 29d. I2h. 44'. 3'^^ 
09ie sytoodic revolution of the moon, pr two if neces* 
sary,.9o that the remainder may he I^s than aijevolu- 
tion, and that remainder gh^eis the time of th^ mean 
OQiijunetion. If to this we add I4d. ISh. 22^. V\5, 
half a revolution, it gives the time of the next meait 
exposition; or if we subtract, it gives the time of the 
preceding mean opposition. If it be leap-year, in 
January and February subtract a day from the sum of 
the epacts, before you 4nake the subjtraction.^ When 
tilery of the mean conjunction is O, it denotes the 
last day of the preceding month; 
-Ex. Te4fid4he times of the mean new and full 
moons in February^ ;i79&. 

Epact 1795 - - 9^ n\ 6'. 17" 
febfruary • - - 1. 11. 15.57 

10. 23. 32. 24 
29, 12. 44. 3 



iMM 



Mean new moon - l^ 14. 3-1. 49 

14. l«. 23. 1,« 



> p i.l .1 .^■.^—y 



M^an Ml moon * 3. 19. 59. 47,5 



mmm 



{299.) To determine whethier an eclipse may happen 
at opposition^ find the mean longitude of tbe earth at 
tbe ^me c^mean opposition, and also the longitude of 
the moon's node; then, according to M. Cassim, if 



> i * ■ I ■ I t I ■fc^tifc^wd^iaMfci^ 



* The epact for any year is the age of the moon at tbe begmniDg 
of Ibe year from tbe iBsttnean conjanctioii, that is, from the time 
vhea 4;he mean Iqagittidfs of tbe sun ^^d moon were last equal. 
The epact for any mpnth is the age which the moon would have 
had at the beginning of the month, if it's age had been nothing at 
the b eg innin g of the year^ tber«foi«, if to the epact ior thi^.year^ 
th^ epact for the mpnth be added, the sum taken from 29d. I2h. 
44'« d'Vor from twice that quantity if the sum exceed it, must give 
4ibe time of m^an conjunction. 

O 2 
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the diflference between the mean longitudes of the 
earth and the moon^s node be less than 7^. 30'^ there 
must be an eclipse; if it be greater than 14^. 30'^ 
there cannot be an eclipse; but between J^. 3(/, and 
14^. 30', there may, or inay not, be an eclipse. M. de 
hamhre makes these limits 7*. 47', and 13'. 21'*. 

Ex. To-find whether there will be an eclipse at the 
full moon on February 3, 179^* 
Sun's mean long, at 3*. I9\ 59'. 47",6.10«.13^.27V20"8 

. 
Mean Jong, of the earth - - - 4. 13. 27. 20,8 
Long, of.the moon*s node • • - 4. 8. 1. 48,5 

Difference - O. 6. 25. 32,3 



Hence,. there must be an eclipse. 

Examine thus all the new and full moons for a 
month before and a month after the time at which the 
sun comes to the place of the nodes of the lunar orbit, 
and you will be sure not to miss any eclipses. Or, 
having the eclipses for jthe last 1 8 years^ if you add to 
the times of the middlg of these eclipses, 18y. 10^. Jh. 
43' I, or I6jf. lid. 7h. 43' i, (297) it will give the 
times when you may expect the eclipses will return. 

(300.) To the time of mean opposition, compute 
the true longitudes of the sun and moon, and the 
moon*s true latitude; and find, from the Tables of 
their motions, the horary motions ofrthe sun and 
moon in longitude, and the difierenoe (d) of their 
horary motions is the relative horary, motion of the 
moon in respect to the sun, or the motion with which 
the moon approaches to, or recedes from, the sun ; 
find also the moon s horary motion in . latitude ; and 
suppose, at the time (t) of mean opposition, the moon 
is at the distance (m) from opposition ; then^ as wm 

* This may be found from Art. 306. by finding th^ true limit, 
and then applying the greatest difierence of the true and meaa 
places. •« 
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may siippose tfaemodn to approach the sun^ or recale 
from it, uniformly^Yf : m :: 1 hour : the tkne (ir) be- 
tween t and the opposition, which added to, .or sub- 
tracted from, the time /, according as the moon is not 
yet got into opposition, or is .beyond it, gives the time 
of the ecliptic opposition. 

(301.) To find the place of the moon in opposition, 
let n be the moon s horary motion in longitude ; then, 
I hour : w :: n : the increase of the moon^? longitude 
in th^. timi^ w, which applied to the moon's longitude 
at the time, of the mean of4H>8ition, gives .the true 
longitude of the moon at the thne of the ecliptic 
opposition. The opposite point to that must be the 
true longitude of the sw.^ Find also the moon's true 
latitude at the time of opposition, by saying, 1 hour : 
iv :: the horary iifiotion in latitude : the motion in lati- 
tude in- the time u;, which applieid to >th6.moon*s lati- 
tude at the time of the mean opiposition, gives the true 
latitude at jbhe time of the true oppo&iti6n'i^. In like 
manner you may compute tlie true time of the ecli|^ 
conjunction, and the places of the sun and moon for 
that time, when you calculate a solar eclipse. 

(302.) With the sun*s horary motion in longitude, 
and the moon's in longitude and latitude, find the in- 
clination of the relative orbit, and the horary motion 
upon it. To do this, let LMbe the horary motion of, 
the moon in longitude, SM that of the sun ; draw 
Ma perpendicular to LMy and equal to the moon's 
horary motion in latitude ; take Sb^Ma, and parallel 






* For greater certainty, you may compute again> from the Tables^ 
^the places of the sun aod moon, and if they be not exactly in op- 
position^ which probably may not be the case, as the moon's k>ngi» 
tude does not increase uniformly, repeat the operation. This 
accuracy, however, in eclipses is generally unnecessary ; for the 
best lunar Tables cannot be depended upon to give the moon's 
longitude nearer than 10" ; therefore the probable error from the 
Tables is vastly greater than that which arises from the motion in 
longitude not being uniform. Unless, therefore, very great accu*. 
f^c^^ bc| r^nired^ this operation is unnecessary. 
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to it^ and join La, Lb; then La in itit maon'itrue 
orbit^ and Lb it's relaiive orbit in respect to the sun. 




Henoe^ L8 (the difievenee of the horary fnotiohs in 
longitude) : Sb the moon's horary motion in latitude 
:: hidius : tan. bLS^ the inclination of th^ Mlative 
orbit ; and cos. btS : radios :: LS : Lb, the horaiy 
motion in the relative orbit. 

fdOd.) At the time of opposition, find, from the 
Taoles, the moon*s horizontal parallax, it's semi- 
diameter, and the semidiameter of the sub, the hori- 
2ontal parallax of which we may here take as g'\ 

(304.) To find the semidiameter of the earth^s 
ahadow at tHe moon, seen from the earth. Let AB 
be the diameter of the sun, TR the diameter of the 




earth, O and C their centers ; produce AT, BR, to 
meet at /, and draw OCI; let FGH be the diameter 
of the earth's shadow at the distance of the moon, and 
join or, CF. Now the angle FCG^CFA^ CIA, 
but CIA^OTA^TOC; therefore FCG^CFA-^ 
OTA+ TOC, that is, the angle under which the se- 
midiameter of the earilis shadow, at the moan, ap^ 
pears J is equal to the sum of the horizontal parallaxes 
of the sun and moon diminished by the apparent semi- 
diameter of the sun. In eclipses of the moon, the 
shadow is found to be a little greater than this Role 
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^y» it, t$miiif£ to the atmo^pbare of thp eai^. XIh" 
aagitsr^tion o( the semidiam^tec is, according to M. 
Gmim, 3Q"; scpording tp M. iJfot^ipr, so" ^ and 
ftOB(>nltDg, to M. de la Hire, 6p". Afc^er thinks. filie 



dow, or that 310U may add as many seeonds aa th« 
Bemidiaffleter contaiDs -minBtra. Some computen 
alWaysadd'fie"; but thiimust be sul^ect to some un- 
cettainty. 

: (aO».) As the angle C/r ( = Q7'^-210ei is 
ifeown, we hare sin. TIC : eos. 27C :; TC : C/ the 
len&th of the earth's tbadow. If we take the angle 
' Jt^PO^J^. 3" the mean < BemidianieteF of the nntl, 
TOC=Q" the h«riaontal parallax of thie.snn, we h»ve 
€iT^ 15'. M"; hence, sin. 15'. 54" ::Ca8- M'-M'', or 
1 : 216,3 :: IlCi e/?s3l6,3 21c. 

(5o6.) The different eclipses which may happen of 
the moon, may be thus explained. Let CL represent 
the plane of the ecliptic, OR the moon's orbit, cutting 



liie ecUptid in the node N; and let SH represent a 
Section of the earth's shadow at the distance of tke 
modn from the earth, and M the moon at the time 
Ithen she passes nearest to the cetder of the ^rtfa's 
shadow. Hence, if the opposition happen as in posi- 
tion ], it is manifest that the moon wi4l just fwss by 
the shadow of the earth without entering it, and there 
will be no eclipse. In position II, part of the moon 
will pass through the earth's shadow, and there will be 
^jHir^ta/ eclipse. In position III, the whole oi the 
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mooD psBses throogh \he earth's shadow, and tboe it 
a total eclipse. In position IV, the center of the 
moon passes through the center of the earl's riiadow, 
and there is a total -and central eclipse. It is i^n, 
tha«fbre, that whether there will, or wilt not, be an 
eclipse at the time (^ opposition, depends upon the 
distance of the moon from the node at that time ; or 
the distance of the earth's shadow, or of the earth, 
from the node. Now in lunar edipees we may take 
the angle at N^^b". 17', and in position I, the value 
of Ev is about l*. 3'. 30" ; hence (Trig. Art. 39 1 ), sin. 
6'. 17' : rad. :: sin. V. 3'. 30" : sin. EN^Xl". 34' \ 
when, thereibre, EN is greater than that quantify at 
the time of opposition, there can be no eclipse. This 
quantify 1 1°. 34' is called the' eciiptic limit. 

(307.) Let Arb be that half of the earth's shadow 
which the moon passes through, NL the relative orbit 



of the moon ; draw Cmr perpendicular to AX, a.nd 
let X be the center of the moon at the beginning of 
the eclipse, m at the middle, x at the end ; also, - let 
AB be the ecliptic, and Cn pei^ndicular to it. Now 
in the right-angled triangle Own, we know Cn the 
latitude of the moon at the time of the ecliptic con- 
junction, and (302) the angle Cnm* the complement 
of the angle which the relative orbit of the moon makn 
with the ecliptic ; hence (Trig. Art. 135) rad. : cos. 



* If ih« moon at n have north oc south fatitude increasing, the 
atif^e Omit to beset off to the right; etberwise/to the left (^Oi. 
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Cnm :: (h : nm, which i» called the Reductioni and 
rad. : sin. Cnm :: Cn : Cm. The faorary motion [h^ 
of the aioon upon it's relative orbit bein^ kndwit^ we 
know the time of describing nm,hy saymg; h.z mnat 
1 hour : the time of describing, mn, Ifence,.kii)QtwiQig 
the time of the ecbptic conjunction at* n, we koipvK the 
time of the middle of the eclipse* lit m. Next, in th^ 
right-angled triangle Cm^y we know Cm, and.Cx thcft 
sum of the semidiameters of the earth*s shadow and 
the moon^ to find m.^^ whidi is done thus by k>ga^ 

rithms ; as m« = >^/ Cz* - Cm* =r \/ Cz + CtnxCz - €^ 

the log. of mz:=ixhg. Cz+Cm-^-hg. Cz - Cm^ 
(Trig. Art. 52)., Hence, the horary motion of thq 
moon being known, we know the time of describing 
zm, which subtracted from the time at m gives the 
time of the beginning, and added, gives the time of 
the end. The magnitude of the eclipse at the middle 
is represented by fr, which is the greatest distance of 
the moon within the earth's shadow, and this is mea- 
sured in terms of the diameter of the moon, conceived 
to be divided into 12 equal parts, called Digits, or 
Parts deficient ; to find which, we know Cm, the 
difference between which and Cr gives mr, which 
added to mt, or if m fall out of the shadow, take the 
difference between mr and mt^ ancl we get tr ; hence, 
to find the number of digits eclipsed, say, mt i tr :i 6 
digits^ or 36o^, (it being usual to divide a digit into 
6o equal parts, and call them minutes,) : the digits 
eclipsed. If the latitude of the mooh be north, we 
use the w/j^per .semicircle ; if south, we take the lower. 

(308.) If the earth had no atmosphere, when the 
moon was totally ecKpsed, it would be invisible ; but, 
by the refraction of the atmospheire, some rays will be 
brought to fall on the moon's surface, upon which ac- 
count the moon will be visible at that time, and appear 
tiS a dusky red colour. M. Maraldi (Mem. de VAcad: 
1723) has observed, that, in general, the earth's umbra^ 
at a certain distartce>is divided by a kind of penumbra. 
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Jifom the Teftmcdoii of the atmosphere. This wiU n^ 
count for the circumataBce of the oioon being vw^e^ 
▼isihie in some total eclipses than in others^ It is 
said) that tiie moon^ in the total edipses in l6oi, 1&3Q^ 
tad 1642, entirely disappeared. . 

(309.) An eclipse of the xofHm, ariung from iCn 
real deprivation of light»'muBt appear. to b^in; at the 
same instant of time to every fdace on thatheipitpb^re. 
of the earth which is tamed towaida the mo^i. Hevnee^ 
it aflbltk a very ready method of finding the difference 
g^ longitudes of places upon the earthy as will be after- 
wards explained. The- moon enters the penumbra of 
the earth before it comes to the umbra, and therefore 
it gradually loses it'» light; and the penumbra is so 
dar^ just at the umbra^ that it is difficult to ascertain 
the exact time when the moon's limb touches the 
umbra^ or when the eclipse begins. When the moon 
has entered into the umbra, the shadow upon it's disc 
is tolerably well defined, and you may determine, to a 
considerable degree of accuracy, the time when any 
spot enters into the umbra. Hence, the beginning 
and end of a lunar eclipse are not so proper to deter- 
mine the longitude from, as the times at which the 
iimbra touches any of the spots. 

* 

On Eclipses of the Sunl 

(310.) An eclipse of the sun is caused by the inter- 
position of the moon between the sun and spectator, 
or by the shadow of the moon falling on the earth at 
the place of the observer. The different kinds of 
edipses will be best explained by a figure. Let S be 
the sun, M the moon, AB or AB> the sur&ice of the 
earth; draw tangents paevSy qzvr^ from the sun to the 
same side of the moon, and xvz will be the moon's 
iftnbra, in which no part of the sun can be seen ; if 
tangents ptM, gwac, be drawn Irom the sun to the 
Vpposite sides cif the moon, the space comprehended 
l>etween the wi^a and wacy thd, is called the 
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penumbra, id which psfft of ^he jun only i 
. Now it 18 manifest, that if JB be the surfece 
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earthy the space mn, where the umbra falls, will suJSIer 
a total eclipse ; the part am, bn, between the bbunda- 
i4e9 of the umbra and penumbra, ^in suffer a partial 
(eclipse ; but to all the other parts of the earth there 
\^'^ b^ no eclipse. Now let jf B^ he the surface of 
fftei earth, the earth being, at different times, at dif^ 
ftrent distances from the moon ; then the space within 
ts win sufl^r an annular ecHpse } for if tangents be 
dtawn from any point o within ts to the moon, they 
must evidently fall within the sun, therefore the sun 
will sqspear all round about the moon in the form of a 
ring; the parts cr, sd, will^ suflfer a partial eclipse; 
snd the other partis of tihe e^fth'Will suffer no eclipse. 
In this ci»e^ there can be no total edipse any where^ 
M the vnoon's niAbra doeis not reacli the earth. Ac- 
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eording to M. du SejouTj an eclipse can never be an- 
nular longer than \2\ 24'% nor total longer than 
7'. 68". 

(311.) The umbra a!vz is a cone, and the penumbra 
tocdt the frustrum of a ^cone whose vertex is f^. 
Hence, if these be both cut through their common 
axis perpendicular to it, the section of each will be a 
circle, having a common center in the line joining the 
centers of the sun and moon, and the penumbra in* 
dudes the umbra. 

(312.) The moon's mean motion about the center 
of the earth is at the rate of about 33' in an hour ; 
but 33' of the moon's orbit is about 2280 miles, which, 
therefore, we may consider as the velocity with which 
the moon*s shadow passes over the earth ; but this is 
the velocity upon the surface of the earth where the 
shadow falls perpendicularly upon it, it being the 
velocity perpendicular to Mv; in every other place^ 
the velocity over the surface will be increased in the 
proportion of the sine of the angle which Mv makes 
tvith the surface, in the direction of it's motion, to 
radius. But the earth having a rotation about it's 
axis, the relative velocity of the moon's shadow over 
any given point of the surface will be different from 
this ; if the point be moving jn the direction of the 
shadow, the velocity of the shadow, in respect to th&t 
point, will be dhninished^ and consequently the .time 
m which the shadow pa3ses,over it will he increased; 
but if the point be proving in a direction contrary to 
that of the shadow^ as. is the case when the shadow 
falls on th^ pth^r side of the pole, the tiqie will be 
diminished. The length of a solar eclipse is thereforf^ 
affected by the earth's rotation aboqt it'3 axis. 

(313.) The diflerent eclipses iqf the sun may^hm 
thus explained* Let CL represent the orbit of the 
earth, Ofi the line described by the centers of the 
moon*s umbra and penumbra nt the earth; iV th^ 
moon's node; SJP the earth, JE it's center; pn the 
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moon's penumbra, u the umbm. Then, in poeition I, 
the penumbra pn just passes by the earth, without 




Tailing upon it, and therefore there will be no eclipse. 
In position II, the penumbra pn falls upon the earth, 
but the umbra u does not; therefore the)^ will be a 
partial eclipse where the penumbra falls, but no total 
eclipse. In position III, both the penumbra j^n- and 
umbra u fall upon the earth ; therefore, where the 
penumbra falls, there will be a patiial eclipse, and 
where the umbra falls there will be a total eclipse ; 
and to the other parts of the earth there will be no 
eclipse. Now the ecliptic limits may be thus found. 
The angle N may be taken 5^. 1 7', and in position I, 
the value of Eu {u being the center of the umbra) is 
about I"". 34'. 27''; hence (Trig. Art. 221) sin. 5^ if 
: rad. :: sin. l^ 34'. 27" : sin. £iV=:17\2l'. 37" the 
ecliptic limit; if therefore, at the time of conjunction^ 
the earth be within this distance of the node, there 
will be an eclipse. , * 

^314.) An eclipse of the sun, or rather of the earth, 
without respect to any particular place, may be calcu- 
lated exactly in the same manner as an eclipse of the 
moon, that is, the times whien the modn*s umbra or 
penumbra first touches and leav& the earth'; but ta 
find the times of the beginning, middle^ and end, at 
any particular place, the a/a^aren/.place of the moon, 
M sieen from thence, must be determined^ and conse- 
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quently tt^s parallax in ktittide and longitude must be 
cMnputed^ which renders the calculation of a solar 
eclipse eytreme^ long and tedious. 



To explain the Principles of the Calculation of an 
Eclipse of the Sun for any particular Place. 

(315.) Havine determined (113) that there will be 
an eclipse somewhere ypon the earth, compute^ by the 
Astronomical Tables, the true longitudes of the sun 
and moon, and the moon*s true latitude, at the time 
of mean conjunction (301); find also the horary mo- 
tions of the sun and vaf)0a in longitude, am the 
moan's horary motion iq latitude; and eompute the 
time of the ecliptic con^nnction .of tl^ sun and moon, 
m the same manner (300) as the time of the ecliptic 
opposition was computed. At the (time of the ecliptic 
cppjunction, compute (301;) the sun's and moon's 
longitude, and the moon s latitude ; find also the hori- 
zontal parallax of the moon from ^ Tables of the 
moon's motion, from which subtract the sun's hori- 
zontal paralb^, and you g^ the horizontal parallax of 
the moon from the sun. 

(31 6.) To the faititude of the given place, and the 
horizontal parallax of the moon from the sun (which 
we here use instead of the horiMntal pamllaxofthe* 
moon, as we want to find what efleot the parallax has 
in altering their apparent relative situaitians,) at the 
time of t(ie ecliptic copjunctioni, compute (144) the 
moon'3 parallax in latitude and longitude from the 
sun ; the psu^lax in latitude applied to the true lati- 
tude gives the appamnt latitude, (Z^ of the moon from 
the sun.; and the parallax in longitude sbow^ the 
apparent dififerenoe .(/>) of the. longitudes of tlie fijin 
and moon. 

(317.) Let S be theaua^ CG the edipti^ aeamUng 
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to the order of the signs; take SM^D-, draw MN 
perpendicular to MSf and take it «s L, then N is the 
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apparent place of the moon, and SN:= s/ D^ + L* is 
the apparent distance of the moon from the sun. 

(3 1 8.)' If the moon be to the east of the nonagesimal 
degree^ the parallax increases the longitude ; if to the 
west, it diminishes it (Art. 1 44) ; hence, if the /rtie 
longitudes of the sun and moon be equal, in the 
former case the apparent place will be from S towards 
Ey and in the latter, towards C To some time, as an 
hour^ qfier the true conjunction, if the moon be to 
the west of the nonagesimal degree ; or before the 
true conjunction, if the moon be to the east of the 
nonagesimal degree, find the sun's and the moon's true 
longitude, and the moon*s true latitude^ from their 
horary motions ; and to the same time compute the 
moon's parallax in Jatitude and longitude from the 
sun ; apply the parallax in latitude to the true lati- 
tude, and it gives the apparent latitude (/) of the 
moon from the sun ; take the difference of the sun's 
and moon's true longitude, and apply the parallax in 
longitude, and it gives the apparent distance (d) of the 
moon from the sun in longitude. From S set off SP 
=:<f, and on EC erect the perpendicular PQ equal to 
/, and Q is the apparent place of the moon at one hour 
from the true conjunction i and SQ ( =\/rf* +/*) is 
the apparent distance of the moon from the sun ; draw 
the straight line iVQ, and it will represent the relative 
apparent patli of the moon, considered as a straight 
line, in general it being very nearly so ; it's value also 
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represents the relative horary motion of the moon in 
the apparent orbit, the relative horary motion in 
longitude being MP. 

(319.) The diflference between the moon's apparent 
distance in longitude from the sun at the time of the 
true ecliptic conjunction, and at the interval of an 
hour^ gives the apparent horary motion (r) in lon^- 
tude of the moon from the sun ; • the difference (2>) 
between the true longitude at the ecliptic conjunction, 
and the moon's apparent longitude^ is the apparent 
distance of the moon from the sun in longitude 
at the true time of the ecliptic conjunction; hence^ 
r \ D V. 1 hour : the time from the true to the 
apparent conjunction, consequently we know the time 
of the apparent conjunction. To find whether this 
time is accurate^ -we may compute (from the horary 
motions of the sun and moon) their true longitudes^ 
and the moon's parallax in longitude from the sun, 
and apply it to the true longitude^ and it gives the 
apparent longitude, and if this be the same as the sun's 
longitude, the time of the apparent conjunction is truly 
found ; if they be not the same^ find from thence the 
true time, as before. To the true time of the apparent 
conjunction, find the moon's true latitude from it's 
horary motion, and compute th^ parallax in latitude^ 
and you get the apparent latitude at the time of the 
apparent conjunction. Draw SA perpendicular to 
CE, and equal to this apparent latitude ; then the 
point A will not probably fall in NQ ; but suppose it 
to fall in QNf to which draw SB perpendicular, and 
NR parallel to PM. Then knowing NR {^PM)y 
and QjR {:=^QP^MN) we have 

NR : RQ :: rad. : tan. QiVB,or^Sfi (Trig. Art. 133) 
Sin. QNR : rad. :: QR : Qi\r(Trig, Art. 128) 

The time of describing NQ in the apparent orbit being 
equal to the time from ilf to P in longitude, NCi is 
the horary motion in the apparent orbit. 



£CLIPS£ OF THE S0N. 226 

Rad. : sin. ASB :: AS : AB (Trig. Art. 125) 
Rad. : COS. ASB:: AS: SB. 

(320.) At the apparent conjunction the moon ap- 
pears at -^^, which time (319) is known; when the 
moon appears at B, it is at it's nearest distance from 
the sun, and consequently the time is that of the 
greatest obscuration, (usually called the time of the 
middle,) provided there is an eclipse, which will 
always be the case, when SB is less than the sum of the 
apparent semidiameters of the sun and moon. If, 
therefore, it appear that there will be an eclipse, we 
proceed thus to find it's quantity, and the beginning 
and end. As we may suppose the motion' to be uni- 
form, QiV: AB :: the time of describing NQ : the 
time of describing AB, which added to or subtracted 
from the time at Ay (according as the apparent latitude 
is decreasing or increasing), gives the time of the 
greatest obscuration. 

(321.) l^rom the sum of the apparent semidiameters 
of the sun and mootx, subtract BS, and the remainder 
shows how much of ^he sun is covered by the moon; 
or the parts deficient ; hence, semid. : parts defi* 
cient :: 6 digits *: the digits eclipsed. If SB be less 
than the difference of the semidiameters of the sua 
and moon, and the moon's semidiameter be the greater^ 
the eclipse will be total; but if it be the less, the 
eclipse will be annular, the sun appearing all round 
the moon ; if B and S coincide, the eclipse will bq 
central. 

(322.) Pfioduce, if necessary, QN, and take SV^SfV^ 
equal to the sum of the apparent semidiameters of the 
sun and moon, at the beginning and end respectively ; 
then BV-Jsy^^SB\^nA BfV^J SfV^^SB^i 
and to find the times of describing these, say, as the 
hourly motion of the moqn in the apparent orbit, or 
NQ^ I BV :\ 1 hour : the time of describing FB ; 
and NQ : BlFv. I hour : the time of describing BW, 

p 
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which times, respectively subtracted from and added to 
the time of the greatest obscuration, give nearly the 
times of the beginning and end. But if accuracy be 
required, a di^rent method must be adopted ; for we 
suppose F'fF to be a straight line, which supposition 
will, in general, cause errors, too considerable to be 
neglected. It may, however, always serve as a role to 
assume the time of the beginning and end. Hence it 
follows, that the time of the greatest obscuration at B^ 
is not necessarily equidistant from the beginning and 
end. 

(323.) If the eclipse be total, take Sr^ SJV, equal 
to the difierence of the semidiameters of the sun and 

moon, and then BF^ BJf^^SW - SB\ from 
whence we may find the times of describing BV^ 
Bfy] as- before, which we may consider as equal, and 
which applied to the time of the greatest obscuration 
at By give the time of the beginning and end of tlie 
total darkness. 

(324.) To find more accurately the time of the 
beginning and end of the eclipse, we must proceed 
thus. . At the estimated time of the beginning, find^ 
from the horary motions, and the coniputed parallaxes^ 
the apparent latitude f^D of the moon, and it's appa- 
re nt longitude D S from the sun, and we have S /^= 

js/iiD*+Df^\ and if this be equal to the apparent 
temid. i + scmid. (which sum call S)y the estimated 
time is the time of the beginning; but if SVhe not 
equal to S^ assume (as the error directs) another time 
at a small interval from it, before^ it Sf^he less than 
S, but after, if it be greater ; to that time compute 
again the moon's apparent latitude mv, an d apparen t 
longitude Sm from the sun, and find Sv^^Sm* + mtf; 
and if this be not equal to S, proceed thus ; as the 
difierence of Sv and 8f^ : the difference of Sv and SL 
(=5) :: the above-assumed interval of time, or time 
^f the motion through Fv, : the time through vL^ 
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which added to or subtracted from the time at v^ ac- 
cording as Sv is greater or less than SL, gives the time 
of the beginning. The reason of this operation is^ 
that as Fv, vL, are very small^ they will be very 
nearly proportional to the differences of SFj Sv, and 
Svy SL. But as the variation of the apparent distance 
of the sun from the moon is not exacdy in proportion 
to the variation of the differences of the apparent 
longitudes and latitudes, in cases where the utmost 
accuracy is required, the time of the beginning thus 
found (if it appear to be not correct) may be corrected, 
by assuming it for a third time, and proceeding as 
before. This correction, however, will never be ne- 
cessary, except where extreme accuracy is required in 
order to deduce some consequences from it. Bvit the 
time thus found is to be considered as accurate, only 
so far as the Tables of the %un and moon can be de- 
pended upon for their accuracy ; and the best lunar 
Tables are subject to an error of 10" in latitude. 
Hence, accurate observations of an eclipse, compared 
with the computed time, furnish the means of correct- 
ing the lunar Tables. In the same manner, the end 
of the eclipse may be computed. 

(326.) As there are not many persons who have an 
opportunity of seeing a total eclipse of the suik, we shall 
here give the phenomena which attended that on 
April 32, 1715. Capt. Stannvan, at Bern in Switzer- 
land, says, ^^ the sun was totally dark for four minutes 
and a half; that a fixed star and planet appeared very 
bright ; and that it*s getting out of the eclipse was 

{)receded by a blood-red streak of light, from it's left 
imb, which continued not longer than six or seven 
seconds of time ; "then part- of the sun's disc appeared, 
all on a sudden, as bright as f^enus was ever seen in 
the night ; nay, brighter, and in that very instant gave 
a light and shadow to things, as strong as moon-light 
used to do.*' The inference drawn from these phae- 
nomena is, that the moon has an atmosphere. 

J. C. Fads, at Geneva, says, " there was seen, 

P 2 
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during the whole time of the total immersion, a white- 
ness, which seemed to break out from behind the 
moon, and to encompass it on all sides equally* ; it's 
breadth was not the twelfth part of the moon*s dia- 
meter. FenuSj Saturn, and Mercury were seen by 
many ; and if the sky had been clear, many more stars 
might have been seen, and with them Jupiter and 
Mars. Some gentlewomen in the country saw more 
than 16 stars; and many people on the mountains 
saw the sky starry, in some places where it was not 
overcast, as during the night at the time of the full 
moon. The duration of the total darkness was three 
minutes." 

Dr. J. J. Scheuchzer, at Zurich, says, ^' that both 
planets and fixed stars were . seen ; the birds went to 
roost; the bats came out of their holes ; and the fishes 
swam about ; we experienced a manifest sense of cold ; 
and the dew fell upon the grass. The total darkness 
lasted four minutes." 

{326. ) Dr. Halley^y who observed this eclipse at Lon- 
don, has thus given the phaenomena attending it. ^* It 
was universally observed, that when the last part of the 
sun remained on iVs east side, it grew very faint, and 
was easily supportable to the naked eye, even through 
the telescope, for above a .minute of time before the 
total darkness ; whereas, on the contrary, my eye 
jcould not endure the splendour of the emerging beams 
\vi the telescope from the first moment. To this, per- 

mmmmmtimmm'^^*'»'^mmmrm^,tammma^mmimi^mmmmmmmmmm^mmam*mmmimmmmmmmmmmmmmmmmmtmmmmii^tammmt^Hmi^i^i^mmm^tt 

• The Doctor begins his account thus. " Though it be certain^ 
from the principles of Astronomy, that there happens necessarily 
z central eclipse of the sun, in some part or other of the terra- 
queous globe, about twenty*eight times in e^h period of eighteen 
years ; and that of these, no less than eight do pass over the 
parallel of London, three of which eight are total with continuance ;. 
yet, from the great variety of the elements, whereof the calculus 
of eclipses consists, it has so happened, that since March 20, 1140, 
I cannot find that there has been a total eclipse of the sun seen at 
London, though in the mean time the shade of the moon has oftea 
passed over other parts of Oreat Britain.'' 
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haps, two causes concurred ; the one that the pupil 
of the eye did necessarily dilate itself during the dark- 
ness, which before had been miich contracted by Jook- 
ing on the sun. The other, that the eastern parts of 
the moon, having been heated with a day near as long 
as thirty of our's, must of necessity have that part of 
it*s atmosphere replete with vapours, raised by the 
long-continued action of the sun; and, by conse- 
quence, it was more dense near the moon's surface, 
and more capable of obstructing the'kistre of the sitn^s 
beams. Whereas at the sajme time the western edge 
of the moon had suffered as long a night, during which 
time there might fell in dews, all the vapours that 
were raised in thie preceding long day ; and for this 
reason, that part of it's atmosphere might be seen 
much more pure and transparent. ^ 

About two minutes before the total immei^ion, the 
remaining part of the sun was reduced to a very fine 
horn, whose extremities seemed to lose their accuteness, 
and to become round like stars. And for the space of 
about a quarter of a minute,- a small piece of the 
southern horn of the eclipse seemed to be cut off from 
the rest by a good interval, and appeared like an' 
oblong star round at both ends; which appearance 
could proceed from no other cause, but the inequali- 
ties of the moon's surface, there being some elevated 
parts thereof near the moon's southern pole, by which 
interposition, part of that exceedingly fine filament of 
light was intercepted. 

A few seconds before the sun was totally hid, there 
discovered itself round the moon a luminous ring, 
about a digit, or perhaps a tenth part, of the moon's 
diameter in breadth. It was of a pale whiteness, or 
rather pearl colour, seeming to me a little tinged with 
the coloucs of the iris, and to be concentric with the 
moon ; whence I cpncluded it was the moon's atmo- 
sphere* But the great height of it, far exceeding that 
of our earth's atmosphere ; and the observations of 
some one who found the breadth of the ring to increase 
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on the west side of the moon, as the emersion ap« 
proached ; together with the contrary sentiments of 
those, whose judgement I shall always revere, make 
me less confident, especially as in a matter whereto I 
gave not all the attention requisite. 

Whatevjer it was, this ring appeared much brighter 
and whiter near the body of the moon, than at a dis- 
tance from it ; and it's outward circumference, which 
was ill defined, seemed terminated only by the extreme 
Parity of the matter it was composed of; and in all 
respects resembled the appearance of an enlightened 
atmosphere viewed from far : but whether it belonged 
to the sun or the moon, I shaU not at present under- 
take to decide. • 

During the whole time of the total eclipse, I kept 
my telescope constantly fixed on the moon, in order to 
ol^erve what might occur in this uncommon appear- 
ance, and I saw perpetual flashes or cpruscations of 
light, which seemed for a moment to dart but from 
behind the moon, now here, now there, on all sides, 
but more especially on the western side, a little before 
the emersion ; and about two or three seconds before 
it, on the same western side, where the sun was just 
coming out, a long and very iiarrow streak of dusky, 
but strong red light, seemed to colour the dark edge 
of the moon, though nothing like it had been seen 
immediately after the immersion. But this instantly 
vanished upon the first appearance of the sun, as did 
also the aforesaid luminous ring. 

As to the degree of darkness, it was such, that one 
might have expected to have seen more stars than were 
seen in London ; the planets Jupiter, Mercury ^ and 
Venusy were all that were seen by the gentlemen of 
the Society from the top of th?ir house, where they 
bad a free horizon ; and I do not bear that %ny one in 
town saw more than Capella an4 Aldeharan of the 
fixed stars. Nor was the light of the ring round the 
moon capable of efifacing the luster of the stars, for it 
was vastly inferior to &at of the full moon> and so 
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weak, that I did not observe it cast a siiade. But tW 
underrparts of the hemisphere, particularly in the 
south-east under the sun, had a crepuscular bright- 
ness ; and all round us, so tnuch of the segment of 
our atmosphere as was above the horizon, and was 
without the cone of the moon's shadow, was more or 
iess enlightened by the sun's beams; and it's refiectipn 
gave a diffused light, which made. the air seem hazy^ 
and hindered the appearance of the stars. And that 
this was the real cause thereof, is manifest by the' 
darkness being more perfect in those places near which 
the center of the shade passed, where many more stars 
were seen, and in some, not less than twenty, though 
the light of the ring was to all alike. 

I forbear to mention the chill and damp, with which 
the darkness of this eclipse was attended, of which 
most spectators were sensible, and equally judges; or 
the concern that appeared in all sorts of animals^ birds, 
beasts, and fishes, upon the extinction of the sun, since 
ourselves could not behold it without some sense of 
horror." 

(327.) If a conjunction of the sun and moon happen 
at, or very near, the node, there will be a great solar 
^lipse ; but, in this case, at the preceding opposition, 
the 6arth was not got into the lunar ecliptic limits, 
and at the next opposition it will be got beyond it ; 
hence, at each node there may happen only one solar 
eclipse, and therefore in a y.ear there mo^ happen only 
two solar eclipses. 

There must be one conjunction in the time in which 
the efarth passes through the solar ecliptic limits, and 
consequently there must be one solar eclipse at each 
node ; hence, there must be two solar eclipses at least 
in a year. ' ^ 

If an opposition happen just before the earth gets 
into the lunar ecliptic limit, the next opposition may 
not happen till the earth is got beyond the limit on 
the other side of the node ; consequently there majr 
not be a lunar eclipse at the node ; hence, there maa^ 
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not be an eclipse of the moon in the course of a yeai^« 
When^ therefore, there are only two eclipses in a year, 
th^ must be both of the sun. 

if there be an eclipse of the moon as soon as the sun 
gets within the lunar ecliptic limit, it will be got out of 
the limit before the next opposition; consequently 
there can be only one lunar eclipse at the same node. 
But as the nodes of the moon's orbit move backwards 
about 19^ in a year, the earth may come within the 
lunar ecliptic limits, at the same node, a second time 
in the course of a year, and therefore there may be 
three lunar eclipses in a year; and there can be no. 
more. 

If an eclipse of the moon happen at, or very near to, 
the node, a conjunction may happen before and after, 
whilst the earth is within the solar ecliptic limits; 
hence there may, at each node, happen two eclipses of 
the sun and one of the moon ; and in this case, the 
eclipses of the sun will be small, and that of the moon 
large. When, therefore, the eclipses do not happen a 
second time at either node, there may be six eclipses 
in a year, four of which will be of the sun, and two 
of the moon. But if, as in the last case, an eclipse 
should happen at the return of the earth within the 
lunar ecliptic limits at the same node a second time in 
the year, there may be six eclipses, three of the sun 
and three of the moon. 

There may be seven eclipses in a year. For twelve 
lunations are performed in 354 days, or in 11 days less 
than a common year. If, therefore, an eclipse of the 
sun should happen before January 11, and there be at 
that, and at the next node, two solar and one lunar 
eclipse at each ; then the twelfth lunation from the 
first eclipse will give a new moon within the year, and 
(on account of the retrograde motion of the moon^s 
nodes) the earth may be got within the solar ecliptic 
limits, and there may be another solar eclipse. Hence^ 
when there are seven eclipses in a year, five will be 
of the sun and two of the moon. This is upon sufr 
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position that the first eclipse is of the sun ; but if the 
first eclipse should be of the moon, there may be three 
of the sun and four of the moon. 

As there are seven eclipses in the year but seldom^ 
the mean number will be about four. 

The nodes of the moon move backwards about 19® 
in a year, which arc the earth describes in about 19 
days, consequently the middle of the seasons of the 
eclipses happens every year about I9 days sooner than 
in the precaJing.year. 

The ecliptic limits of the sun (313) are greater than 
those of the moon (306), and hence, there will be 
more solar than lunar eclipses,' in about the same pro- 
portion as the limit is greater, that is, as 3 : 2 nearly. 
But more lunar than solar eclipses are seen at any 
given place, because a lunar eclipse is visible to a whole 
hemisphere at once ; whereas a solar eclipse is visible 
only to a part, and therefore there is a greater proba- 
bility of seeing a lunar than a solar eclipse. Since the 
moon is as long above the horizon as below, every 
spectator may expect to see half the number of lunar 
eclipses which happen. 

For the calculation of eclipses, and all the circum- 
stances respecting them, see my Complete System of 
Astronomy. 
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Chap. XXII. . 

ON THE TRANSITS OF MERCURY AND VENUS OVER XHK 

SUN'S DISC. 

(328.) When Dr. Halley was at St. Helena^ whitHer 
he went for the purpose of making a catalogue of the 
stars in the southern hemisphere^ he observed a transit 
of Mercury over the sun's disc ; and, by means of a 
good telescope, it appeared to him that he could deter* 
mine the time of the ingress and egress, without it's 
being subject to an error of l"*; upon which he im- 
mediately concluded, that the sun's parallax might be 
determined by such observations, from this difference 
of the times of the transit over the sun, at different 
places upon the earth's surface. But this difference is 
so small in Mercury, that it would render the conclu- 
sion subject to a great degree of inaccuracy ; in Venus, 
however, whose parallax is nearly four times as great 
as that of the sun, there will be a very considerable 
difference between the times of the transits seen from 
difierent parts of the earth, by which the accuracy of 
the conclusion will be proportionably increased. The 
Doctor, therefore, proposed to determine the sun*s 
parallax from the transit of Venus over the sun's disc, 
observed at difierent places on the earth ; and as it was 
not probable that he himself should live to observe the 



* Hence« Dr. Halley concluded, that by a transit of Venus, the 
iBun's distance might be determined with certainty to the 500th 

gart of the whole ; but the observations upon the transits which 
appened in 1761 and 1769, showed that the time of contact of the 
limbs of the Sun and Venus could not be determined to that degree 
of certainty. 
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next transits, which happened in 1761 and 1769, he 
very earnestly recommended the attention of them to 
the Astronomers who should be aHve at that time. 
Astronomers were therefore sent from England and 
France to tfie most proper parts of the earth to observe 
both those transits, from the result of which, the 
parallax has been determined to a very great degree of 
accuracy. 

(329.) Kepler was the first person who predicted 
the transits of Venus and Mercury over the sun s disc; 
he foretold the transit of Mercury in l631, and the 
transits of Venus in l631 and 170I. The first time 
Venus was ever seen upon the sun, was in the year 
1 639, on November 24, at Hoole, near Liverpool, by 
our countryman Mr. Horrox^ who ^ was educated at 
Emanuel College in this University. He was em- 
ployed in calculating an Ephemeris from the Lansberg 
Tables, which gave, al^the conjunction of Venus with 
the sun on that day, it*s apparent latitude less than 
the semidiameter of the sun. But as these Tables had 
so often deceived him, he consulted the Tables con- 
structed by Kepler^ according to which, the conjunc- 
tion would be at 8 A. l' a. M. at Manchester, and the 
planet's latitude 14^ 10'' south; but, *from his own 
corrections, he expected it to happen at Ah. 57' p. m. 
with 10' south latitude. He accordingly gave this in- 
formation to his friend Mr. Crabtree, at Manchester^ 
desiring him to observe it ; and he himself also pre- 
paired to make observations upon it, by transmitting 
the sun s image . through a telescope into a dark 
chamber. He described a circle of about six inches 
diameter, and divided the circumference into 360°, 
and the diameter into 120 equal parts, and caused the 
sun's image to. fill up the circle. He began to observe 
on the 23d, and repeated his observations on the 24th 
fill one o'clock, when he was unfortunately called away 
by business; but, returning at 16' after three o'clock, 
he had the satisfaction of seeing Venus upon the sun's 
disc, just wholly entered on the l^ft aide> so t^t th^ 
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limbs perfectly coincided. At 35' after three, he found 
the distance of Venus from the sun's center to be 13\ 
30"; and at 45' after three, he found it to be 13'; and 
the sun setting at 50' after three o'clock, pi^t an end to 
his observations. From these observations, Mr. Horrox 
endeavoured to correct some of the elements of the 
orbit of VcHus. He found Venus had entered upon 
the disc at about 62**. 30' from the vertex towards the 
right on the image, which, by the telescope, was in- 
verted. He measured the diameter of Venus, and 
found it to be to that of the sun, as 1,12 : 30, as year 
as he could measure. Mr." CrabtreCy on account of 
the clouds, got only one sight of Venus, which was at 
3h. 45'. Mr. Horrox * wrote a Treatise, entitled 
Fenus in Sole visa, but did not live to publish it ; it 
was, however, afterwards published by Hevelius. 
Gassendus observed the transit of Mercury which 
happened on November 7, l631^ and this was the first 
which had ever been observed ; he made his observa- 
tions in the same manner that Horrox did after him. 
Since his time, several transits of Mercury have been 
obseiTed, as they frequently happen ; whereas only 
two transits of Venus have happened siiice the time of 
Horrox. If we know the time of the transit at one 
node, we can determine, in the following manner, 
when they will probably happen again at the same 
node. 

(330.) The mean time from conjunction to conjunc- 
tion of Venus or Mercury being known (Art. 201), 
and' the time of one mean conjunction, we shall know 
the time of all the future mean conjunctions ; observe, 
therefore, those which happen near to the node, and 
compute the geocentric latitude of the planet at the 
time of conjunction, and if it be less than the appa- 



* The difficulties which this very extraordinary person had to 
encounter with in his astronomical pursuits, he himself has de- 
scribed, in the Prolegomena prefixed to his Cpera Posihuffta^ 
published by Dr. IVaUis. 
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rent semidiameter of the sun, there will be a transit of 
the planet over the sun's disc ; and we may deternxine 
the periods when such conjunctions bappen, in the 
following manner. Let P = the periodic time of th© 
earth, p that of Venus or Mercury. Now that a 
transit may happen again at the same node, the earth 
must perform a certain number of complete revolu- 
tions in the same time that the planet performs a cer- 
tain number, for then they niust come into conjunction 
again at the same point of the earth's orbit, or nearly 
in the same position in respect to the node. Let the 
earth perform x revolutions whilst the planet performs 

y revolutions; then will Px^jyyy therefore ^=-£, 

Now P = 365,256, and for Mercury^ p = 87,968; 

therefore? = J= J^l^. = (by resolving it into it's 

continued fractions) -, — , — , — , —zi > &c* That 

^ 4' 2b' 29' 54'137'191' 

is, 1,6, 7, 13, 33, 46, &c. revolutions of the earth are 
nearly equal to 4, 25, 29, 54, 137, ^9^3 &c. revolu- 
tions of Mercury, approaching nearer to a state of 
equality, the further you go. The first period, or 
that of one year, is not sufficiently exact ; the period 
of six years will sometimes bring on a return of the 
transit at the same node. ; that of seven y^rs more fre- 
quently ; .that of 13 years still more frequently, and so 
on. Now there was a transit of Mercury at its de- 
scending node, in May, 17&6; hence, by continually 
adding 6, 7j 13,*33, 46, &c. to it you get all the years 
when a transit may be expected to happen at that node. 
In 17^9? there was a transit at the ascending node, 
and therefore, by adding the same numbers to that 
year, you will get the years in which the transits may 
be expected to happen at that node. The next tran- 
»\t& at the desqending node will happen in 1832, 
1845, 1 87.8, 1 891 ; and at the ascending node, iu 
1S15, 1823, 1835, 1848, I86I, 1868, 1881, 1804. 
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-M^ wr . ^ 1 X p 224,7 

For renus, p = 324,7; hence, -=y=-g^-^ 

rr —,•--—, -^-^, &c. Therefore the periods are 8, 
13' 382' 1159' 

236, 7^3, &c. years. The transits at the same node 
will therefore, sometimes, return in eight years, but 
oftener in 235, and still oftener in 713* &c. Now, in 
17^9* ^ transit happened at the descending node in 
June, and the next transits at the same node will be 
in 2004, 2012, 2247, 2255, 2490, 2498, 2733, 2741; 
and 2984. In 1639, a transit happened at the ascend- 
ing node in November ; and the next transits at the 
same node will be in 1874, 1882, 21 17, 2125, 236o, 
2368, 2603, 2611, 2846, and 2854. These transits 
are found to happen, by continually adding the periods, 
and finding the years when they may be expected, and 
then computing, for each time, the shortest geocentric 
distance of Venus from the sun's center at the time of 
conjunction, and if it be less than the semidiameter of 
the sun, there will be a transit. 

.A new Method of computing the Effect qf Parallaa:^ 
in accelerating or retarding the Time of the Be- 
ginning or End of a Transit of Venus or Mercury 
iwer the Sun^s Disc. By Nevil Maskelyne, 7). D. 
F. R. 8. and Astronomer Royal. 

(331.) The scheme which is here given,, relates 
particularly to the transit of Venus over the sun 
which happened in 1769. Let C represent the center 
of the sun LQ, P the celestial north pole of the equa- 
tor, PC a meridian passing through the sun, Z the 
zenith of the place, ADB e the relative path of Venus, 
© being the relative place of the descending node ; A 
the geocentric place of Venus at the ingress, B at the 
^res8, and D at the nearest approach to the sun's 
center, as seen from the earth's center, and o the appa- 
reqt place of Venus at the egress to an obscFver whose 
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zenith id Z\ draw ouZ^ and u is the true place of 
Venus yvhen the apparent place is at Oj and vo is tjbe 




parallax in altitude of Venus from the sun; and the 
time of contact will be diminished by the time which 
Venus takes to describe u B ; draw n' o' honE parallel 
to A By meeting ZB produced in E^ and Bn, An\ 
tangents to the circle, and let ChD be perpendicular 
to aB. Now the trapezium uoEBy on account of 
the smalliiess of it's sides, may be considered as rec- 
tilinear, and from the magnitude ofZB compared with 
Bu, BE may be considered as parallel to uo, conse- 
quently uo E B may be considered as a parallelogram, 
fSLXid therefore E o may be taken equal to Bu. Now 
JEozsEn:^no, according as E lalls without or within 
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the circle LQ of the sun's disc; and (Trig. Art 128) 
En : EB :: sin. E Buncos. CB^ : sm. BnE— sin. 

BCD ^ cos, CBD; hence, ^«= 77^7^ — ; and 

. COS. CBD 

(by Euclid) noz=:—-r == -^ very nearly ; but Bn : BE 

:: sin. 9J?n = sin. ZBD : sin. iSiz^^cos. CBD; 

.u (^ u . BE' X sin. ZBD' , 

theretore Bn = ^^a,^ ; hence, no =z 

cos. CBD* 

BE" X sin. ZSD^ i> ^ l u ^ 1 „ r 

^^ X COS. CBZ>- - ^"^ * = honzontal parallax of 

Venus from the sun ; then (136) BE=zh x sin. Zo=s 

h X sin. Z B ; hence, uB = oE = En ^wo^ 

h X sin.ZJB x cos.CBZ , , » . ^ ,ti sin. ZBD^ 

±h xsin.ZB^x 



cos. CBD ^ • JBxcos.CBD' 

= (Trig.Art.8d)Ax sin.ZJ5xcos.C5Zx sec. CBD 

. A* X sin. Zir X sin. ZBZ>» x sec. CBD^ ^, 

X - — — i 1 he pa- 

rallax, therefore, consists of two parts ; one part varies 
as hy and the other as A% the other quantities being 
the same. Put <" = the time which Venus takes, by 
it's geocentric relative motion, to describe the space h ; 
to find which, let m be the relative horary motion of 

Venus; then m : h :i 1 hour=36oo" : f' = -. 

m 

Hence, to find the time of describing uB, we have, 

h :' h X sin. ZB x cos. CBZ x sec. CBD i 

A» X sin. Zm X sin. ZBD^ x sec. CBD" , , 

■ . p ■ : : r : r x sm, 

ZB X cos. CBZ X sec. CBD + 

fxAxsin.Z^xsin.ZB/>^xsec;C5Z)*. . . 

.r> —the time of 

AB 

describing wB, or the effect of parallax in accelerating 

or retarding the time of contact ; the upper sign is to 

be used when CBZ is acute, and the lower sign when 

it is obtuse. If CJBZ be very nearly a right angle, 

but obtuse, it may happen that nE may be less than 
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') nOy in which case, nE is to be taken from no, according 

» to the rule. The principal part nE of the effect of 

• parallax will increase or diminish the planet's distance 

from the sun-s center, according as the angle ZBC is 
acute or obtuse ; but the small part no of parallax will 
always increase the planet's distance from the center; 
take, therefore, the sum or difference of the eSectSf 
with the sign of the greater, as to increasing or de* 
creasing the planet's distance from the center of the 
sun. The second part of the correction will not ex- 
ceed 9" or 10" of time in the transits of Venus in 
1761 and 1769? where the nearest approach of Venus 
to the sun's center was about 10'. In the transit of 
Mercury^ the first part alone will be sufficient, except 
the nearest distance be much greater. 

If we suppose the mean horizontal parallax of the 
sun to be 8",8 J, then, by calculation from * the above 
expression, it appears that the total duration at Wardhus 
was lengthened by parallax 1 \\ l6'',88,and diminished 
at Otaheite by 12'. 10",07; hence, the computed dif- 
ference of the times is 23\ 26",95; but the observed 
difference was 23'. 10". 

(332.) Hence, the correct parallax may be accu- 
rately found as follows. Because the observed differ- 
ence of the total durations at Wardhus and Otaheite 
is 23'. 10", land the computed difference, from the 
assumed mean horizontal parallax of the sun 8",83, is 
23'. 26",95, the true parallax of the sun is less than 
that assumed. Let the true parallax be to that as- 
sumed as 1 — e to 1, and (331) the first parts of the 
computed parallax will be lessened in the ratio of 1 — e 

: 1 ; and the second parts, in the ratio of 1-ef to 1, 
or of 1 - 2e to 1 nearly. All the first parts, viz. 
406",05 ; 287",05 ; 34l",48;382",47,inall = 14I7",06, 
combine the same way to make the total duration 
i longer at Wardhus than at Otaheite. As to the 
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* See my Complete SyUem of Astrowmy, Chap. 25. 
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second parts, the effects at Wardhus are — 7/'>3l J^nd 
*-8",91, and at Otaheit3eare+r',63 andj+-4",49, in 

all =-10", 10. Therefore I417",05 x 1 — e- 10",10 

X 1 - 2e= 1390" the excess of the observed total dura*- 
tion at Wardhus abo ve that at Otaheite ; or 1417",05 

— 10".10 — 1390" = 1417",05-20",20x e; and e = 
' V=0,0121. Hence, the mean horizontal 



139b',85 

parallax of the sun = 8",83x 1 -0,oi21 =:8",723l6; 
we assume, therefore, the mean horizontal parallax <^ 
the sun=8"i. 

Hence, the radius of the earth : the distance of the 
sun from the earth :: sin. 8''| : rad. :: i : 23575. 

(333.) The effect of the parallax being determined, 
the transit affords a very ready method of 6nding the 
difference of the longitudes of two places where the 
same observations were made*. For, compute the 
effect of parallax' in time, and reduce the observations 
at each place to the time, if seen from the center of 
the earth, and the difference of the times is the differ- 
ence of the longitudes. For example, the times at 
Wardhus and Otaheite, at which the first internal con- 
tact would take place at the earth*s center, are Qh. 40'. 
44",6, and I2h. 38\ 25",07, the difference of which is 
I2A. 2\ 19",53 = ieo°. 34'. 53", the difference of the 
meridians. From the mean of 63 results from the 
transits of Mercury, Mr. Short found the difference of 
the meridians of Greenwich and Paris to be 9'. 16"; 
and from the transit of Venus in 1761, to be 9'* 1^" 
in time. 

(334.) The transit of Venus affords a very accurate 
method of finding the place of the node. For by the 
observations made by Mr. Rittenhjouse^ at Norriton in 
the United States of America, the least distance CD 
was observed to be 10'. 10"; hence, drawing Cf^per^ 
pendicular to Ce, cos.DC/^=8^ 28'. 64" : rad. :i 
CJJ=\0\ 10" : C^= 10'. 17", the geocentric latitude 
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of Venus at the time of conjunction; and * 0,72626 : 
0,28895 :: 10'. 17" : 4'. 5", the heliocentric latitude CV 
of Venus; hence, considering CfSf^as a right lined 
triangle, tan. f^?5 C=3^ 23'.33'' : rad. :: the helio- 
centric latitude CF^a!. b" : C© =1^ 8'. 62", which 
added to 2*. 13*^. 26'. 34", the place of the sun, gives 
2*. 14°. 35'. 26" for the place of the ascending node of 
the orbit of Venus. 

(335.) TTie time of the ecliptic conjunction may be 
thus found. Find, at any time (f), the difierence {d) 
of longitudes of Venus and the sun's center ; find also 
the apparent geocentric horary motion (m) of Venus 
from the sun in longitude, and then say, m \ d ii \ 
hour : the interval between the time {t) and the con- 
j,unction, which interval is to be added to or subtracted 
from f, according as the observation was made before 
or after the conjunction. In the transit in 1761, at 
6A. 31'. 46", apparent time at Paris, M. de la Lande 
found rf=2'. 34",4 and w = 3\ 57",4 ; hence, 3'. bt\4 
: 2'. 34'',4 :: 1 hour : 39'. l", which subtracted from 
6h. 31'. 46", because at that time the conjunction was 
past, gives 5 A. 62'. 46" for the time of conjunction from 
this observation. We may also thus find the latitude 
at conjunction. The horary motion of Venus in lati- 
tude was 36",4; hence, 60' : 39', 1 :: 36",4 : 23", the 
motion in latitude in 39',1, which subtracted from 10'. 
I'^,2, the latitude observed at. 6A. 31'. 46", gives 9'. 
3^",2 for the latitude at the time of conjunction. 



* 0,72626 is the distance of Venus from the sun, her distance 
from th«. earth being 0,28895 ; and the angle subtended by CVh 
inversely as th« distance from CV, 
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Chap. XXIII. 



ON THE NATURE AND MOTION OF COMETS. 

(336.) Comets are solid bodies, revolving in very ex- 
centric ellipses about the sun in one of the foci, and 
are therefore subject to the same laws as the planets^ 
but differ in appearance from them ; for as ^hey ap- 
proach the sun, a tail of light, in some of them\ begins 
to appear, which increases till the comet comes to its 
perinelion, and then it decreases again, and vanishes ; 
others have a light encompassing the nucleus, or body 
of the comet, without any tail. * The most ancient 
philosophers supposed comets to be like planets, per- 
forming their revolutions in stated times. Aristotle, 
in his first book of Meteors^ speaking of comets, says, 
^' But some of the Italians, called Pythagoreans, say, 
that a Comet is one of the Planets, but that they do 
not appear unless after a long time, and are seen but a 
small time, which happens also to Mercury. ^* Seneca 
also, in Nat. Quest. Lib. vii. says, ^' ApoUonius af- 
firmed, that the Comets were, by the Chaldeans, 
reckoned among the Planets, and had their periods 
like them/' Seneca himself also, having considered 
the phaenomena of two remarkable comets, believed 
them to be stars of equal duration with the world, 
though he was ignorant of the laws that governed 
them ; and foretold, that after-ages would unfold all 
these mysteries. He«recommenaed it to Astronomers 
to keep a catalogue of the comets, in order to be able 
to determine whether they returned at certain periods. 
Notwithstanding this, most Astronomers, from his time 
till Tycho Brake, considered them only as meteors, 
existing in our atmosphere. But that Astronomer^ 
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finding, from his own observations on a comet, that it 
had no diurnal parallax, placed them above the moon. 
Afterwards Kepler had an opportunity of observini 
two comets, one of which was very remarkable ; an4 
from his observations, which afforded sufficient indica- 
tions of an annual parallax, he concluded, ^^ that 
comets moved freely through the planetary orbs, with 
a motion not much difierent from a rectilinear one ; 
but of what kind he could not precisely determine/* 
Hevelhis embraced the hypothesis of a rectilinear 
motion ; but, finding his calculations did not perfectly 
agree with his observations, he concluded, ^^ that the 
path of a comet was bent in a curve line, . concave to- 
wards the sun/* He supposed a comet to be generated 
in the atmosphere of a planet, and to be discharged 
from it, partly by the rotation of the planet, and then 
to revolve about the sun in a parabola by the force of 
projection and it*s tendency to the sun, in the same 
manner as a projectile upon the earth's surface describes 
a parabola* At length came the famous comet in 
168O, which descending nearly in a right line towards 
i;he sun, arose again from it in like manner, which 
proved it's motion in a curve about the sun. G. S. 
Doerfellj Minister at Plaven in TTpper Saxony, made 
observations upon this comet, and found that it's mo- 
tion might be very well represented by a parabola, 
having the sun in it's focus. He was ignorant, how- 
ever, of all the laws by which the motion of a body in 
a parabola is regulated, and erred consiikrably in his 
parabola, making the perihelion distance about twelve 
times greater than it was. This was published five 
years before the Principia,in which work Sir /. Newton 
having proved that Kepler^ law, by which the motions 
of the planets are regulated, was a necessary conse- 
quence of his theory of gravity, it immediately fol- 
lowed, that comets were governed by the same law; 
and the observations upon them agreed so accurately 
with his theoiy, as to leave no ^ubt of it's truth. 
That comets describe ellipses^ and not parabolas or 
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hyperbolas, Dr. Halley (see his Synopsis of the 
Astronomy of Comets) advances the following reasons. 
^ Hitherto I have considered the orbits as exactly 
parabolic, upon which supposition it would follow, 
that comets, being impelled towards the sun by a cen- 
tripetal force, would descend as from spaces infinitely 
distant, and, by their so falling, acquire such a ve- 
locity, as that they may again fly off into the remotest' 
parts of the universe, moving upwards with a perpetual 
tendency,, so as never to return again to the sun. But 
since they appear frequently enough, and since none 
of them can be found to move with an hyperbolic mo- 
tion, or a motion swifter than what a comet might 
acquire by it's gravity to the sun, it is highly probable 
they rather move in very excentric elliptic orbits, and 
make their returns after long periods of time ; for so 
their number will be determinate, and, perhaps, not so 
very great. Besides, the space between the sun and 
the fixed stars is so immense, that there is room 
enough for a comet to revolve, though the period of 
if s revolution be vastly long. Now, the latus rectum 
of an ellipsis is to the lotus rectum of a parabola, 
which has the same distance in ifs perihelion, as the 
distance in the aphelion, in the ellipsis, is to the whole 
axis of the ellipsis. And the velocities are in a sub- 
duplicate ratio of the same; wherefore, in very excen- 
tric orbits, the ratio comes very near to a ratio of 
equality ; and the very small difference which happens, 
on account of the greater velocity in the parabola^i is 
easily compensated in determining the situation of the 
orbit. The principle use, therefore, of the Table of 
the elements of their motions, and that which indeed 
induced me to construct it, is, that whenever a new 
comet shall appear, we may be able to know, by com- 
paring together the elements, whether it be any of 
those which have appeared before, and consequently 
to determine it*s period, and the axis of it's orbit, ana 
to foretel it's return. And, indeed, there are many 
things which make me believe that the cornet^ ^hich 
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^pian diseovered in the year 1531, was the $ai9ie with 
that which Kepler and Longomontanus more nequ- 
rately described in the year 1607 ; and which I myself 
hare seen return, and observed in the year l682. All 
the elements agree, and nothing seems to contradict 
this my opinion, besides the inequality of the periodic 
revolutions; which inequality is not so great neitheff 
as that it may not be owing to physical causes. For 
the motion of Saturn is so disturbed by the rest of the 
planets, especially Jupiter, that the periodic time of 
that planet is uncertain for some whole days together. 
How much more, therefore, will a comet be subject to 
such like errors, which rises almost four times higher 
than Saturn, and whose velocity, though increased but 
a very little, would be sufficient to change it's orbit, 
from an elliptic to a parabolical one. And I am the 
more confirmed in my opinion of it's being the same ; 
for in the year 1466, in the summer-time, a comet was 
seen passing retrograde between the earth and the sun, 
much after the same manner ; which, though nobody 
made observations upon it, yet, from it's period, and 
the manner of it's transit, I cannot think different 
from those I have just now mefttioned. And since 
looking over the histories of comets, I find, at an equal 
interval of time, a comet to have been seen about 
Eaater in the year 1305, which is another double period 
of 161 years before the former. Hence, I think, I 
may venture to foretel that it will return agam m the 
year 1768." 

(337.) Dr. Hallet/ computed the effect of Jupiter 
upon this comet in l682, and found that it would in- 
crease it's periodic time above a year, in consequence 
of which he predicted it's return at the end of the year 
1768, or the beginning of 1769. He did not make 
his computations with the utmost accuracy, but, as he 
himself informs us, levi calamo. M. Clairaut com- 
puted the effects both of Saturn and Jupiter, and found 
that the former would retard it's return in the last pe- 
riod 100 days, and the latter 511 days; and he deter- 
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mined the time when the comet would come to hfs 
periheUon to be on April 15, ]7^9f observing that he 
might err a month, from n^Iecting small quantities in 
the computation. It passed the perihelion on March 
13, within 33 days of the time computed. Now if we 
suppose the time stated by Dn Halhy to mean the 
time of it's passing the perihelion, then if we add to 
that 100 days, arising from the action of Saturn, 
which he did not consider^ it will bring it very near to 
the time in which it did pass the perihelion, and prove 
his computation of the effect of Jupiter to have been 
very accurate. If he meant the tim^ when it would 
first appear, his prediction was very accurate, for it was 
first seen on December 14, 17^8) sind his computation 
of the eflfects of Jupiter will then be more accurate than 
could have been expected, considering that he made 
his calculations only by an indirect method^ and in a 
manner confessedly not very accurate. Dr. HaUey, 
therefore^ had the glory, first to foretel the return of a 
comet, and the event answered remarkably to his pre- 
diction. He further observed, that the action of 
Jupiter, in the descent of the comet towards it's 
perihelion in l682,*wouId tend to increase the inclina- 
tion of it's orbit; and accordingly the inclination in 
l682 was found to be 22' greater than in ifidjr. A 
learned Professor (Dr. Long's Astronomy, p. 562) in 
Italy to an English gentleman, writes thus : — 
^' Though M. de la Lande^ and some other French 
gentlemen, have taken occasion to find fault with the 
inaccuracies of Halley's calculation, because he him- 
self had said, he only touched upon it slightly ; never- 
theless they can never rob him of the honour, — ^First, 
of finding out that it was one and the same comet 
which appeared in l682, 1607, 1531, 1456, and 1305. 
•^—Secondly, of having observed, that the planet Jupiter 
would cause the inclination of the orbit of the comet 
to be greater, and the period longer. — ^Thirdly, of hav- 
ing foretold that the return thereof might be retarded 
till the end of 1758, or the beginning of 1759." 
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Prom the observations of M. Messier upon a comet 
in 1770, Mr. ^dric Prosperin, Member of the Royal 
Academies of Stockholm and Upsal^ showed, that a 

Earabolic orbit would not answer to it's motions, and 
e recommended it to Astronomeif to seek for the 
elliptic orbit. This laborious task M. Lexell under- 
took, and has shown that an ellipse, in which the 
periodic time is about five years and seven months, 
agrees very well with the observations. See the PhU. 
Trans. 1779. As the ellipses which the comets de- 
scribe are very excentric. Astronomers, for the ease of 
calculation, suppose them to move in parabolic orbits, 
for that part which lies within the reach of observa- 
tion, by which they can very accurately find the place 
of the perihelion ; it*s distance from the sun ; the in«* 
clination of the plane of it's orbit to the ecliptic, and 
the place of the node. But it falls not within the 
plan of this work to enter into an investigation of these 
matters. For this, I refer the reader to my Complete 
System of Astronomy* 

(338.) It is extremely difficult to determine, from 
computation, the elliptic orbit of .a comet, to any 
degree of accuracy ; for when the orbit is very excen. 
trie, a very small error in the observation will change 
the computed orbit into a parabola, or hyperbola. 
Now from the thickness and inequality of the atmo- 
sphere with which the comet is surrounded, it is im- 
possible to determine with any great precision, when 
either the limb or center of the comet passes the wire 
at the time of observation. And this uncertainty in 
the observations will subject the computed orbit to a 
great error. Hence, it happened, that M. B&u^er 
determined the orbit of the comet to be an hyperbola. 
M. Euler first determined the same for the comet in 
177^^9 but, having received more accurate observa- 
tions, he found it to be an ellipse. The period of the 
comet in 168O appears, from observation, to be 575 
years; which Mr. Euler, by his computation, deter- 
mined to be l66| years. The only safe way to get 
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the periodf of eometa, is to compare the elements of 
all those which have been computed, and where you 
find they agree veiy well, you may conclude that they 
are elements of the same comet, it being so extremely 
improbable that ^ the orbits of two different comets 
should have the same inclination, the same perihelion 
distance, and the places of the perihelion and node 
the same. Thus, knowing the periodic time, we get 
the miyor axis of the ellipse; and the perihelion 
distance being known, the minor axis will be known. 
When the elements of the orbits agree, the comets 
may be the same, although the periodic times should 
vary a little ; as that may arise from the attraction of 
the bodies in our system, and which may also alter all 
the other elements a little. We have already observed, 
that the comet which appeared in 1759, bad it's 
periodic time increased considerably by the attraction 
of t/if/nVer and Saturn. This comet was seen in l682, 
1607, and 1531, all the elements agreeing, except a 
little variation of the periodic time. Dr. Halhy sus«* 
pected the comet in 168O, to have been the same 
which appeared in II06, 531, and 44 years before 
Christ. He also conjectured, that the comet observed 
by ApiaUy in 1532, was the same as that observed by 
HeveliuSf in 1661 ; if so, it ought to have returned in 
179^ J but it has never been observed. But M, 
Mechain having collected all the observations in 1532, 
and caloulated the orbit again, found it to be sensibly 
different from that determined by Dr. Halley^ which 
renders it very doubtful whether this was the comet 
which appeared in 1661 ; and this doubt is increased, 
by it*8 not appearing in 1790. The comet in 177^» 
whose periodic time M. Lexell computed to be five 
years and seven months, has not been observed since. 
There can be no doubt but that the path of this comet, 
for the time it was observed, belonged to an orbit 
whose periodic time was that found by M. Lexell^ as 
the computations for such an orbit agreed so very well 
with the observations. But the revolution was proba* 
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hiy longer before 177^; ^^^ ^^ ^^^ comet passed very 
near to Jupiter in 17^7 9 ^^'^ periodic time might be 
sensibly increased by the action of that planet ; and as 
it has not been observed since, we may conjecture, 
with M. Lexelljihat having passed in l^/^^g&in into 
the sphere of sensible attraction of Jupiter, a new 
disturbing force might probably take place and destroy 
the efiect of the other. According to the above ele- 
ments, the comet would be in conjunction with Jupiter 
on August 23, 17799 A^d it*s distance from Jupiter 
would be only-^i^ of it's distance from the sun ; conse- 
quently the sun's action would be only ^^rrr P^^ ^f that 
of Jupiter. What a change must this make in the 
orbit ! If the comet returned to it*s perihelion in 
March, 177^^ i^ would then not be visible. See 
M . Lewell's account in the Phil. Ttans. 1 779. The 
elements of the orbits of the comets, in 1264 and 1556, 
were so nearly the same, that it is very probable it was 
the same comet; if so^ it ought to appear again about 
the year 1848. 

On the Nature and Tails of Comets. 

(339.) Comets are not visible till they come intd 
the planetary regions. They are surrounded with a 
very dense atmosphere, and from the side opposite to 
the sun they send forth a tail, which increases as the 
comet approaches it*s perihelion, immediately after 
which it is longest and most luminous, and then it is 
generally a little bent and convex towards those parts 
to which the comet is moving; the tail then decreases, 
and at last it vanishes. Sometimes the tail is observed 
to put on this figure ^ towards if s extreniity, as that 
did in 1796« The smallest stars are seen through the 
tail, notwithstanding it's immense thickness, which 
proves that it's matter must be extremely rare. The 
opinion of the ancient philosophers, and of Aristotle 
himself^ was^ that the tail is a very thin fiery vapour 
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arising from the comet. Apian, Cardan, Tycho, and 
others^ believed that the sun's rays, being propagafed 
through the transparent head of the comet, were re* 
fracted, as in a lens. But. the figure df the tail does 
not answer to this; and, moreover, there. should be 
some reflecting substance to render the rays visible, in 
like manner as there must be dust or smoke flying 
about in a dark room, in order that a ray of light 
entering, it may be seen by a spectator standing side- 
ways from it. Kepler supposea, that the rays of the 
sun carry away some of the gross parts of the comet 
which reflect the 8un*s rays, and give the appearance 
of a tail. Hevelius thought that the thinnest parts of 
the atmosphere of a comet are rarified by the force of 
the heat, and driven from the fore part and each side 
of the comet towards the parts turned from the sun* 
Sir /. JVeti; ton thinks, that tne tail of a comet is a very 
thin vapour, which the head, or nucleus of the comet, 
sends out by reason of it*s heat. He supposes, that 
when a comet is descending to it's perihelion, the 
vapours behind the comet, in respect to the sun, being 
rarified by the sun*8 heat, ascend, and take up with 
them the reflecting particles with which the tail is 
composed, as air rarefied by heat carries up the parti- 
cles of smoke in a chimney. But as, beyond the 
atmosphere of the comet, the aetherial air (aura 
astherea) is extremely rare» he attributes something to 
the sun's rays carrying with them the particles of the 
atmosphere of the comet. And when the tail is thus 
formed, it, like the nucleus, gravitates towards the 
sun, and by the projectile force received from the 
comet, it describes an ellipse about the sun, and ac* 
companies the comet. It conduces also to the ascent 
of these vapours, that they revolve about the sun, and 
therefore endeavour to recede from it ; whilst the at- 
mosphere of the sun is either at rest, or moves with 
such a slow motion as it can acquire from the rotation 
of the sun about it's axis. These are the causes of the 
ascent of the tails in the neighbourhood of the sun^ 
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where the orbit has a greater curvature, and the comet 
moves in a denser atmosphere of the sun. The tail of 
the cornet^ therefore, being formed from the heat of 
the sun, will increase till it comes to it's perihelion, and 
decrease afterwards. The atmosphere of the comet is 
diminished as the tail increases^ and is least immedi- 
ately after the comet has passed it's perihelion, where it 
sometimes appears covered with a thick black smoke. 
As the vapour receives two motions when it leaves the 
comet, it goes on with the compound motion, and 
therefore the tail will not be turned directly from the 
sun, but decline from it towards those parts which are 
left by the comet ; and meeting with a small resistance 
from the aether, will be a little curved. When the 
spectator, therefore, is in the plane of the comet's 
orbit, the. curvature will not appear. The vapour, 
thus rarefied and dilated, may be at last scattered 
through the heavens, and be gathered up by the 
planets, to supply the place of those fluids which are 
spent in vegetation and converted into earth. This is 
the substance of Sir /. Newton's account of the tails of 
comets. Against this opinion. Dr. Hamilton^ in his 
Philosophical Essays^ observes, that we have no proof 
of the existence of a solar atmosphere ; and if we had, 
that when the comet is moving in it's perihelion in a 
direction at right angles to the direction of it's tail, the 
vapours which then arise, partaking of the great velocity 
of the comet, and being also specifically lighter than 
the medium in which they move, must suflfer a much 
greater resistance than the dense body of the comet 
does^ and therefore ought to be left behind, and would 
not appear opposite to the sun ; and afterwards they 
ought to appear towards the sun. Also, if the spleo* 
dour of the tails be owing to the reflection and refrac- 
tion of the sun*s rays, it ought to diminish the lustre 
of the stars seen through it, which would have their 
light reflected and refracted in like manner, and conse* 
quently their brightness would be diminished. Dr. 
ftallet/t in his description of the Aurora Borealis in 
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1716, says, ^^ the streams of light so much resembled 
the long tails of comets, that at first sight they might 
well be taken for such." And afterwards, ^^ this light 
seems to have a great affinity to that which the effluvia 
of electric bodies emit in the dark/' Phil. Trans. 
N"^. 347. D. de Matron also calk the tail of.a comet, 
the aurora horeaUs of the comet. This opinion Dr. 
Hamilton supports by the following arguments. A 
spectator, at a distance from the earth, would see the 
aurora borealis in the form of a tail opposite to the 
sun, as the tail of a comet lies. The aurora borealis 
has no eflfect upon the stars seen through it, nor has 
the tail of a comet. The atmosphere is known to 
abound with electric matter, and the appearance of the 
dectric matter in vacuo is exactly like the appearance 
of the auroi^ borealis, which, from it's great altitude, 
may be considered to be in as perfect a vacuum as we 
can make. The electric matter in vacuo suffers the 
rays of light to pass through, without being affected by 
them. The tail of a comet does not expand itself 
sideways, nor does the electric matter. Hence, he 
supposes the tails of comets, the aurora borealis, and 
the electric fluid, to be matter of the same kind. We 
may add, as a further confirmation of this opinion, 
that the comet in 1607 appeared to shoot out at the 
end of it's tail. Le P. Cysat remarked the undula* 
tions of the tail of the comet in 1618. Hevelius ob« 
served the same in the tails of the comets in 1 65 2 and 
1661. M. Pingre took notice of the same appear- 
ance in the comet of 1769. These are circumstances 
exactly similar to the aurora bovealts. Dr. Hamilton 
conjectures, that the use c^ the comets may be to 
bring the dectric matter, which continually escapes 
from the planets, back into the planetary regions. The 
«i^uments are certainly strongly in favour of this 
iiypothesis ; and if this be true, we may furdier add, 
tbat the tails are hollow ; for if the electric fluid only 
proceed in it's first direction, and do not diverge side- 
^ays^ the parts directly behind the comet will not be 
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filled with it ; and this thinness of the tails will ac- 
count for the a{^arance of the stars through them. 

(340.) In respect to the nature of comets; Sir 
/. Newton observes, that they must be solid bodies 
like the planets; for if they were nothing but vapours, 
they must be dissipated when they come near the sun ; 
for the comet in 1 680, when it was in it*s perihelion^ 
was less distant from the sun than one^ixth of the 
sun*s diameter, consequently the heat of the comet at 
that time was to the heat of the summer sun as 28000 
to 1. But the heat of boiling water is about three 
times greater than the heat which dry earth acquires 
from the summer's sun ; and the heat of red-hot iron 
about three or four times greater than the heat of 
boiling water. Therefore the heat of dry earth at the 
comet, when in it's perihelion, was about 2O00 times 
greater than red-hot iron. By such heat, all vapours 
would be immediately dissipated. 

(341.) This heat of the comet must be retained a 
very long time. For a red-hot globe of iron, of an 
inch diameter, exposed to the ojien air, scarce loses all 
it's heat in an hour; but a greater globe would retain 
it's heat longer, in proportion to it*s diameter, because 
the surface, at which it grows cold, varies in that pro- 
portion less than the quantity of hot matter. There- 
fore a globe of red-hot irotj, as large as our earthy 
would scarcely cool in 50000 years. 

(342.) The comet in l680, coming so near to thd 
sun, must have been considerably retard^ by the 
sun's atmosphere, and therefore, being attracted nearer 
at every revolution, it wilt at lant fall into the sun, and 
be a fresh supply of fuel for what the sun loses by it's 
constant emission of light. In like manner, fixed stars 
which have been gradually wasted, may be supplied 
with fresh fuel, and acquire new splendour, and pass for 
new stars. Of this kind are those fixed stars which 
appear on a sudden, and shine with a wonderful bright- 
ness at first, and afterwards vanish by degrees* Such 
is the conjecture of Sir /. Newton. 
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(343.) From the beginning of our aera to. this time^ 
it is probable, according to the best accounts, that 
there have appeared about 500 comets. Before that 
time^ about 100 others are recorded to have been seen, 
but it is probable that not above half of them were 
comets. And when we consider, that many others 
may not have been perceived, from being too near the 
sun — from appearing in moon-light — from being in 
the other hemisphere— from being too small to be per- 
ceived, or which may not have been recorded, we 
might imagine the whole number to be considerably 
greater ; but it is likely, that of the comets which are 
recorded to have been seen, the same may have ap- 
peared several times, and therefore the number may 
be less than is here stated. The comet in 1 786, which 
first appeared on August 1, was discovered by Miss 
Caroline Hersckel, a sister of Dr. Herschel;^ since 
that time, she has discovered three others. As the 
plan of this work does not permit us to give the 
methods by which the orbits of comets may be com- 
puted, and all the opinions respecting them, if the 
reader y?ish to see any thing further on the subject, I 
refer him to my Complete System of Astronomy ; or 
to a Treatise, entitled ComStographie, ou Traite His- 
torique et Thiorique des Cometis, par M. Pingr£', 
JLTom. quarto. Paris, 1784; or Sir H. Engle- 
Fi£LD*s Determination of the Orbits of Comets, a 
very valuable work, in which the ingenious Author 
has explained, with great clearness and accuracy, the 
manner of computing the orbits of comets, according 
V> the methods of Boscovich and M . de la Place. 
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ON THE FIXED STARS. 

(344.) All the heavenly bodies beyond our system, 
are called Fixed Stars, because (except some few) they 
do not appear to have any proper motion of their own. 
From their immense distance, they must be bodies of 
very great magnitude, otherwise thfy could not be 
visible; and when we consider the weakness of re* 
fleeted light, there can be no doubt but that they 
shine with their own light. They are easily known 
from the planets^ by their twinkling. The number 
of stars visible at once to the naked eye is about 1000 ; 
but Dr. Herschelj by his improvements of the reflect- 
ing telescope^ has discovered that the whole number is 
great, beyond all conception. In that bright tract of 
the heavens, called the Milky Way, which, when ex- 
amined by good telescopes, appears to be an immense 
collection of stars which gives that whitish appearance 
to the naked eye, he has, in a quarter of an hour, seen 
116000 stars pass through the field of view of a tele- 
scope of only 15' aperture. Every improvement of 
his telescopes has discovered stars not seen before, so 
that there appears to be no bounds to their number, or 
to the extent of the universe. These stars^ which can 
be of no use to us, are probably suns to other systems 
of planets. 

(345.) From an attentive examination of the stars 
with good telescopes,' many, which appear only single 
to the naked eye, are found to consist of two, three^ or 
more stars. Dr. Maskelyne had observed a Herculis 
to be a double star : Dr. Homshy had found v Bootw 
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to be double ; M. Cassini, Mr. Mayer ^ Mr. Pigottj 
and many other Astronomers, had made discoveries of 
the like kind. But Dr. Herschely by his improved 
telescopes, has found about 700, of which, not above 
42 had been observed before. We shall here give an 
account of a few of the most remarkable. 

a HercuUsy Flam. 64, a beautiful double star ; the 
two stars very unequal, the largest is red, and the 
smallest blue, inclining to green. 

j Lyras^ Flam. 12, double, very unequal, the 
largest red, and smallest dusky ; not easily to be seen 
with a magnifying power of 237* 

a Gemtfiorum, Flam. 66, double, a little unequal, 
both white; with a power of 146 ; their distance ap^ 
pears equal to the diameter of the smallest. 
. e lyTosy Flam. 4 and 5, a double-double star; at 
first sight it appears double at a considerable distance, 
and, by a little attention, each will appear double ; one 
set are equal, and both white ; the other unequal, the 
largest white^ and the smallest inclined to red. The 
interval of the stars, of the unequal set, is one diameter 
of the largest, with a power of 227* 

7 Andromedof, Flam. 57, double, very unequal, 
the largest reddish white, the smallest a fine bright 
sky-blue, inclining to green. A very beautiful object. 

u Ursce minor us. Flam. 1, double, very unequal, 
the largest white, the smallest red. 

fi Lyrce^ Flam. 10, quadruple, unequal, white, but 
three of them a little inclined to red. 

a Leonis, Flam. 32, double, very unequal, largest 
white, smallest dusky. 

4 Bootis, Flam. 36» doable, v^ unequal, largest 
reddish, smallest blue, or rather a faint Ulac ; very 
beautiful. - 

b Dt^aconiSf Flam. 39, a very small dQuble star, 
very unequalj th|3 largest white, smallest ivdining to 
red. 

X Orimdsy Flam. 39, quadruplei or rather a double 
atar, and has. two more at a small diflttanoe^.the double 
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Star considerably unequal, the largest white, smallest 
pale rose colour. 

^ LibroBy Flam, ultima^ double-double^ one set 
very unequal, the largest a very fine white. 

M Cygniy Flam. 78, double, considerably unequal, 
the largest white, the smallest blueish. 

/i Herculisy Flam. 86, double, very unequal ; the 
small star is not visible with a power of 278, but is 
seen very well with one of 460 ; the largest is inclined 
to a pale red, smallest duskish. 

a Capricorniy Flam. 6, double, very unequal, the 
largest white, smallest dusky. 

V lyroBy Flam. 8, treble, very unequal, the largest 
white, smallest both dusky. 

a Lyrce^ Flam. 3, double, very unequal, the largest 
a fine brilliant white, the smallest dusky ; it appears 
with a power of 227* Dr. Herschel measured the 
diameter of this fine star, and found it to be 0'',d&53. 

(346.) These are a few of the fM*incipal double, &c. 
stars mentioned by Dr. Herschel^ in his catalogues, 
which he has given us in the Phil. Trans. 178^ and 
1785. The examination of double stars with a tele- 
scope, is a very excellent and ready method of proving 
it's powers. Dr. Herschel recommends the following 
method. The telescope and the observer having been 
some time in the open air, adjust the focus of the tele- 
scope to some single star of nearly the same magni-* 
tude, altitude, and colour of the star to be examined ; 
attend to all the phsenomena of the adjusting star as it 
passes through the field of view, whether it be per- 
fectly round and well defined, or affected with little 
appendages playing about the edge, or any other cir- 
cumstances of the like kind. Such deceptions may be 
detected by turning the object glass a little in it's cell, 
when these appendages will turn the same way. Thus 
you will detect the imperfections of the instrument, 
and therefore will not be deceived when you come to 
examine the double star. 

(347.) Several stars^ mentioned hf anci^it AsCrono* 
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\, are not now to be founds and several arenovr 
observed^ which do not appear in their eatalognes. 
The most ancient observation of a new stary is that by 
HipparchuSj about 1 20 years before J. C. which oc* 
casioned his making a catalogue of the fixed stars^ in 
order that future Astronomers might see what altera* 
tions had taken place since his time. We have no 
account where this new star appeared. A new star is 
also said to have appeared in the year 130; another 
in 389; another m the ninth century, in Id"" of 
Scorpio ; a fifth in 945 ; and a sixth in 1 264 ; but the 
accounts we have of all these are very imperfect. 

(348.) The first new star we have any accurate ac- 
count of, is that which was discovered by Cornelius 
Oemma, on November 8, 1573, in the. Chair of 
Cassiopea. It exceeded Sirius in brightness, and 
was seen %t mid-day. It first appeared big^r than 
Jupiter^ but it gradually decayed, and after sixteen 
months it entirely disappeared. It was observed by 
Tycho Brake, who found that it had no sensible 
parallax ; and he concluded that it was a fixed star.. 
Some have supposed that this is the same which ap- 
peared in 945 and 1264, the situation of it's place 
favouring this opinion. 

(349.) On August 13, 1596, David Fabricius ob- 
served a new star in the Neck of the Whale^ in 25''. 
45' of Aries, with 15*. 54' south latitudie. It disap- 
peared aflier October in the same year. PhocylUaes 
Holwarda discovered it again in 1637, not knowing 
that it had ever been seen before ; and after having 
disappeared for nine months, he saw it come into view- 
again. BuUialdus determined the periodic time be- 
tween it's greatest brightness to be 333 days. Ifs 
greatest brightness is that of a star of the second 
magnitude, and it's least, that of a star of the sixth. 
It's greatest d^ree of brightness, however, is not always 
the same, nor are the same phases always at the same 
interval. 
(350«) In the year l6oo^ Wtlliam Jansenius dis- 
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-covered a changeable star in the Neck of the Swan. 
It was seen by Kepler, who wrote a Treatise upon it^ 
and determined it's place to be l6**. \%'ss:, with 55*. 
30' or 32' north latitude. Rtcdolus saw it in l6l6, 
1621, 1624, and 1629. He is positive that it was. 
invisible in the last years from l640 to l650. M. 
Cassini saw it again in iQ&b ; it increased till 1660^ 
and then grew less, and at the end of 1661, it disap- 
peared. In November 1666, it appeared again, and 
disappeared in 168I. In 1715 it appeared of the 
sixth maguitude, as it does at present. 

(351.) On June 20, 1670, another changeable star 
was discovered near the Swan's Head, by P. Anthelme. 
It disappeared in October, and was seen again on 
March 17, 1671. On September 11, it disappeared* 
It appeared again in March 1672, and disappeared in 
the same month, and has never since been seen. Ifs 
longitude was 1**. 52'. 26" of ss: , and it's latitude 47°. 
25'. 22"N. The days are here put down for the new 
style. 

(352.) In 1686, Kirchitis observed ^ i" ^he Swan 
to be a changeable star; and, from twenty years ob-* 
servations, the period of the return of the same phasea 
was found to be 405 days ; the variations of it's mag- 
nitude, however, were subject to some iir^ularity. 

(353.) In the year l604, at the beginning of 
October, Kepler discovered a new star near the heel 
of the right foot of Serpentarius, so veiy brilliant, that . 
it exceeded every fixed star, and even Jupiter j in mag^ 
nitude. It was observed to be every moment changing 
into Bome of the colours of the rainbow, except when 
it was pear the horizon^ when it was generally white. 
It gradually diminished, and/lisappeared aboutOetober 
1605, when it came too near the sun to be visible, and 
was never seen after. If s loi^itude was 17^. 40' of j^ ^ 
with V. 5& north latitude, and was found to have no 
parallax. 

(354.) Montanari discovered two stars in the oon^ 
stellation of the Ship^ marked j3 and 7 by Bayer $ to b^ 
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wanting. He saw them in 1664, but lost them in 
1668. The star 9 in the tail of the Serpeni, neckoned 
by Tycko of the third, was found, by him, of the. fifth 
magnitude. The star p in Serpentarius did not appear, 
from the time it was observed by him, till 1695. The 
star ^ in the //ton, after disappearing, was seen by him 
in 1667. He observed also, that /3 in MeduscCt Head 
varied in it's magnitude. 

(355.) M. Cassini discovered one new star of the 
fourth, and two of the fifth magnitude in Cassiopeai 
also^t/e new stars in the same constellation, of which 
three have disappeared ; tu)0 new ones in the beginning 
of the constellation EridanuSy of the fourth and fifth 
magnitude % and four new ones of the fifth or sixth 
magnitude, near the north pole. He further observed, 
that the star, placed by Bayer near e of the Little 
Bear, is no longer visible ; that the star A of Andro^ 
meda, which had disappeared, had come into view 
again in l6g5 ; that in the same constellation, instead 
of one in the Knee^ marked 1/, there are two others 
come more northerly ; and that ^ is diminished ; that 
the star placed by Tycho^ at the end of the Chain of 
Andromeda, as of the fourth magnitude, could then 
scarcely be seen ; and that the star which, in Tycho's 
catalogue, is the twentieth of Pisces, was no longer 
visible. 

(356.) M. Maraldi observed, that the star k in the 
left leg of Sagittarius, marked by Bayer of the third 
magnitude, appeared of the sixth, in 1671 ; in 1676 
it was found, by Dr. Halley^ to be of the third ; in 
1692 it could hardly be perceived, but in 1693 and 
1694 it was of the fourth magnitude. In 1704 he 
discovered a star in Hydra to be periodical ; it's posi* 
tion is in a right line with those in the tail marked 
X and 7. The time between it*s greatest lustre, which 
IS of the fourth magnitude, was about two years ; in 
the intermediate time it disappeared. In 1666^^ 
Hevetius says, he could not find a star of the fourth 
magnitude in th^ eastern scale of Libra, observed by 
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Tycho and Bayer 4 but Maraldii in 1709, says, that 
it had then been seen for 1 5 years, smaller than one of 
the fourth. ' 

(357.) «/. Goodricke, Esq. has determined the pe- 
riodic variation of Algols or j3 Persei (observed by 
Montanari to be variable) to be about 2d. 2lh. It*s 
greatest brightness is of the second magnitude, and 
least of the fourth. It changes from the second to 
the fourth in about three hours and a half, and back 
again in the same time, and retains it*s greatest bright- 
ness for the other part of the time. 

(368.) Mr. 6oo£;?ncAre also discovered, that /3 LyroB 
was subject to a periodic variation. The following is 
the result of his observations. It completes all it's 
phases in 12r days 19 hours, during which time, it 
undergoes the following changes: — 1. It is of the 
third magnitude for about two days. 2. It diminishes 
in about If days. 3. It is between the fourth and 
fifth magnitude for less than a day. 4. It increases 
in about two days. 5. It is of the third magnitude 
for about three days. 6. It diminishes in about one 
day. 7- I* i^ something larger than the fourth mag- 
nitude for a little less than a day. 8. It increases in 
about one day and three quarters to the first point, 
and so completes a whole period. See the Phil. Trans. 
1785. He has also found, that ^ Cephei is subject to 
a periodic variation of 5rf. 8A. 37 j; during which 
time it undergoes the following changes : 1 . It is at 
its greatest brightness about one day thirteen hours. 
2. It's diminution is performed in about one day 
eighteen hours. 3. It is at it's greatest obscuration 
about one day twelve hours. 4. It increases in about 
thirteen hours. It's greatest and least brightness is 
that between the third and fourth, and between the 
fourth and fifth magnitudes. 

(359.) E, Pigott, Esq. has discovered tj Antinoi to 
be a variable star, with a period of 'jd. Ah. 38'. The 
changes happen as follows : 1 • It is at it's greatest 
brightness 44 ± hours. 2. It decreases Q2 ± hours. 
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3. It is at it's least brightness 30 + hours. 4. ft 
increases 36 ± hours. When most bright^ it is of the 
third or fourth magnitude, and when leasts of the fourth 
or fifth. See the Phil. Trans. 1785. 

(36o.) In the Phil. Trans. 1796, Dr. Herschel has 
proposed a method of observing the changes that may 
oappen to the fixed stars s with a catalogue of their 
comparative brightness, in order to ascertain the per- 
manency of their lustre. 

(361.) Dr. Herschel, in a Paper of the Phil. Trans. 
1783, upon the proper motion of the solar system, has 
given a large collection of stars which were formerly 
seen, but are now lost; also a catalogue of variable 
stars, and of new stars ; and very justly observes, that 
it is not easy t^ prove that a star was never seen before ; 
for though it should not be contained in any catalogue 
whatever, yet the argument for it's former non- 
appearance, which is taken from it*s not having been 
observed before, is only so far to be regarded, as it can 
be made probable, or almost certain, that a star would 
have been observed, had it been visible. 

(362.) There have been various conjectures to ac- 
count for the appearances of the changeable stars. 
M. Maupertuis supposes, that they may have so quick 
a motion about tlieir axes, that the centrifugal force 
may reduce them to flat oblate spheroids, not much 
unlike a milUstone; and it's plane may be inclined to 
the plane of the orbits of it's planets, by whose attrac- 
tion the position of the body may be altered, so that 
when it's plane passes through the earth, it may be 
almost or entirely invisible, and then become again 
visible as it's broadside is turned towards us. Others 
have conjectured, that considerable parts of their sur- 
faces are covered with dark spots, so that when, by the 
rotation of the star, these spots are presented to us, the 
stars become almost or entirely invisible. Others 
have supposed, that these stars have very large opaque 
bodies revolving about and very near to them, so as to 
obscure them when they come in conjunction with us. 
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The irregularity of the phases of some of them shows 
the oiuse to be variable, and therefore may, perhaps, 
be best accounted for by supposing that a great pait 
of the body of the star is covered with spots, which 
^pear and disappear Hke those on the sun's surface. 
The total disappearance of a star may probably be the 
destruction of it's system ; and the^ appearance of a 
new star, the creation of a new system of planets. 

(363.) The fixed stars are not all evenly spread 
through the heavens, but the greater part of them are 
collected into clusters^ of which it requires a large 
magnifying power, with a great quantity of light, to 
be able to distinguish the stars separately. With a 
small magnifying power and quantity of light, they 
only appear small whitish spots, something like a small 
light cloud, and thence they were called Nehulce. 
There are some nehdce, however, which do not receive 
their 4ight from stars. For in the year 1 656, Huygevs 
discovered a nebula in the middle of Ononis Sword; 
it contains only seven stars, and the other part is a* 
bright spot upon a dark ground, and appears like an 
opening into brighter regions beyond. In l6l2, 
Simon Marius discovered a nebula in the Girdle of 
Andromeda. Dr. Hmlley^ when he was observing the 
southern stars, discovered one in the Centaur^ but this 
is never visible in England. In 1714, he found 
another in Hercules^ nearly in a line with ^ and ti of 
Bayer. This shows itself to the naked eye, when the 
sky is clear and the moon absent. M. Cassini dis- 
covered one between the Great Dog and the Ship, 
which he describes as very full of stars, and very 
beautiful, when viewed with a good telescope. There 
are two whitish spots near the south pole, called, by 
the sailors, the Magellanic Clouds, which, to the 
naked eye, resemble the milky way, but, through 
telescopes, they appear to be composed of stars. 
M. dela (Mile in his catalogue of fixed stars observed 
at the Cape of Good Hope, has remarked 42 nebulae 
which he observed, and which he divided into three 
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classes; 14^ ia which he could not discover the stars j 
14^ in which he could see a distinct mass of stars ; and 
14^ in which the stars appeared of the sixth magnitude 
or below, accompanied with white spots, and nebulas 
of the first and tnird kind* In the Connoissanee des 
Temps, for 1/83 and 17 ^^i there is a catalogue of 103 
nebulae, observed by Messier and Mechain, some of 
which they could resolve, and others they could not* 
But Dr. Herschel has given us a catalogue of 200O 
nebulae and clusters of stars, which he himself has 
discovered. Some of them form a round, compact 
system ; others are more irregular, of various forms ; 
and some are long and narrow. The globular systems 
of stars appear thicker in the middle than they would 
do if the stars were all at equal distances from each 
other; thj^ are, therefore, condensed towards the 
center. That the stars should be thus accidentally 
disposed, is too improbable a supposition to be ad- 
mitted; he supposes, therefore, that they are thus 
brought together by their mutual attractions, and that 
die gradual condensation towards the center is a proof 
of a central power of that kind. He further observes, 
that there are some additional circumstances in the 
appearance of extended clusters and nebulae, that very 
much favour the idea of a power lodged in the brightest 
part. For although the form of them be not globular, 
it is plainly to be seen that there is a tendency towards 
sphericity, by the swell of the dimensions as they draw 
near the most luminous place, denoting, as it were, a 
course, or tide of stars, setting towards a center. As 
the stars in the same nebula must be very nearly all at 
the same relative distance from us, and they appear 
nearly of the same size, their real magnitudes must be 
nearly equal. Granting, therefore, that these nebulae 
and dusters of stars are formed by their mutual attrac* 
tion. Dr. Herschel concludes that we may judge of 
their relative age by the disposition of their component 
parts, those being the oldest which are most com- 
pressed. He supposes the milky way to be a nebula, 
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of which our sun is one of it's component parts. See 
the Phil. Trans. 1786 and 1789. 

(364.) Dr. Herschel has discovered other phae- 
nomena in the heavens^ which he calls Nebulous 
Stars; that is^ stars surrounded with a faint luminous 
atmosphere, of a considerable extent. Cloudy or ne- 
bulous stars, he observes^ have been mentioned by 
several Astronomers ; but this name ought not to be 
applied to the objects which they have pointed out as 
such; for, on examination, they prove to be either 
clusters of stars, or such appearances as may reason- 
ably be supposed to be occasioned by a multitude of 
stars at a vast distance. He has given an account of 
seventeen of these stars, one of which he has thus de- 
scribed. ** November 13, 1790. A most singular 
phaenomenon ; a star of the eighth magnitude, with a 
faint luminous atmosphere, of a circular form, and of 
about 3" diameter. The star is perfectly in the center, 
and the atmosphere is so diluted, faint, and equal 
throughout, that there can be no surmise of it*s con- 
sisting of stars ; nor can there be a doubt of the evident 
connexion between the atmosphere and the star. 
Another star not much less in brightness, and in the 
same field of view with the abovcj was perfectly free 
from any such appearance." Hence, he draws the 
following consequences. Granting the connexion be- 
tween the star and the surrounding nebulosity, if it 
consist of stars very remote which g}ye the nebulous 
appearance, the central star^ which is visible, must be 
immensely greater than the rest ; or if the central star 
be not larger than common, how extremely small and 
compressed must be those other luminous points which 
occasion the nebulosity ! As, by the former supposi- 
tion, the luminous central point must far exceed the 
standard of what we call a star, so, in the latter^ the 
shining matter about the center will be much too small 
to come under the same denomination; We therefore 
either have a central body which is not a star, or a star 
which is involved in a shining fluids of a nature totally 
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unknown to iw. .Tliis last opinion Dr. Herschei 
adopts. The existence of this shining matter, he says, 
does not seem to be so essentially connected with the 
central points, that it might not exist without them. 
The great resemblance there is between the chevelure 
of these stars, and the diffused nebulosity there is about 
the constellation Orion, which takes up a space of 
more than 6o square degrees, renders it highly proba- 
ble that they are of the same nature. If this be ad- 
mitted, the separate existence of the luminous matter 
is fully proved. Light reflected from the star could 
not be seen at this distance. And, besides^ the out- 
ward parts are nearly as bright as those near the star. 
In further confirmation of this, he observes^ that a 
cluster of stars will not so completely account for the 
milkiness^ or soft tint of the light of these-ndbulas, as 
a self-luminous fluid. This luminous matter seems 
more flt to produce a star by if s condensation, than to 
depend on the star for it*s existence. There is a tele- 
scopic milky way extending in right ascension from 
bh. 15'. 8'' to bh.39'. I", and in pdar distance from 
87*. 4& to 98"*. 10'. This, Dr. Herschei thinks, is 
better accounted for, by a luminous matter, than from 
a collection of stars. He observes, that perhaps some 
may account for these nebulous stars, by supposing 
that the nebulosity may be formed by a collection of 
stars at an immense distance, and that the central star 
may be a near star, accidently so placed; the ap- 
pearance, however, of the luminous part does not, in 
his opinion^ at all favour the supposition that it is fm>- 
duced by a great number of stars ; on the other band^ 
it must be granted that it is extremely difficult to admit 
the other supposition, when we know that nothing but 
a solid body is self-luminous, or, at least, that a fixed 
luminary must immediately depend upon such, as the 
flame of a candle upon the candle itself. See Dr. 
HerscheFs Account^ m the Phil. Tram. 1791 • 
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On the Constellations. 

(365.) As soon as Astronomy began to be studied, 
it must have been found necessary to divide the 
heavens into separate parts, and to give some repre- 
{mentations to them, in order that Astronomers might 
describe and speak of the stars, so as to be understood. 
Accordingly we find that these circumstances took 
place very early. The ancients divided the heavens 
into Constellations y or collections of stars, and repre* 
sented them by animals, and other figures, according 
to the ideas which the dispositions of the stars sug- 
gested. We find some of them mentioned by Job ; 
and although it has been disputed, whether our trans- 
lation has sometimes given the true meaning to the 
Hebrew words, yet it is agreed, that they signify con- 
stellations. Some of them are mentioned by Homer 
and Hesiody but Aratus professedly treats of all the 
ancient ones, except three which were invented after 
his time. The number of the ancient constellations 
was 48, but the present number upon a globe is about 
70 ; by rectifying which, and setting it to correspond 
with the stars in the heavens, you may, by comparing 
them, very easily get a knowledge of the different con- 
stellations and stars. Those stars which do not come 
into any of the constellations, are called Unformed 
Steers. The stars visible to the naked eye are divided 
into six classes, according to their magnitudes ; the 
largest are called of the first magnitude, the next of 
the second, and so on. Those which cannot be seen 
without telescopes, are called Telescopic Stars. The 
stars are now generally marked upon maps and globes 
with Batfier^s letters; the Ist letter in the Greek 
alphabet being put to the greatest star of each con- 
stellation ; the 2d letter to the next greatest, and so 
on ; aiid when any more letters are wanted, the Italic 



270 OK THE CONSTELLATIONS. 

letters are generally used ; this serves as a name to the 
star, by which it may be pointed out. Twelve of 
these constellations lie upon the ecliptic, including a 
space about 15^ broad, called the Zodiac^ within 
which all the planets move. The constellation Aries, 
or the JRam, about 2000 years since, lay in the^r^^ 
sign of the ecliptic ; but, on account of the precession 
of the equinox, it now lies in the second. The follow- 
ing are the names of the constellations, and the number 
of the stars observed in them by difierent Astronomers. 
Antinous was made out of the unformed stars near 
Agmla; and Coma Berenices out of the unformed stars 
near the Lion's Tail. They are both mentioned by 
Ptolemy^ but as unformed stars. The constellations 
as far as the Triangle^ with Coma Berenices, are 
northern ; those after Pisces, are southern. 



I 



^ THE ANCIENT CONSTELLATIONS. .^ ^ ^ 

Ursa Minor The Little Bear 8 7 12 24 

Ursa Major The Great Bear 35 29 73 SJ 

Draco The Dragon 31 32 40 80 

Caepheus Caepheus 13 4 51 35 

Bootes Bootes 23 18 52 54 

Corona Borealis The Northern Crown 8 8 8 21 

Hercules Hercules kneeling 29 28 45 113 

Lyra The Harp 10 11 17 21 

Cygnus The Swan 19 18 4/ 81 

Cassiopea The Lady in her Chair 13 26 37 55 

Perseus Fergus 29 29 40^ 59 

Auriga The Waggoner 14 9 40 66 

Serpentarius Serpen tarius 29 15 40 74 

Serpens The Serpent 18 13 22 64 

Sagitta The Arrow 5 5 5 18 

Aquila The Eagle > 12 23 ^ 

Antinous Antinous > 3 19 ' 

Delj^inus The Dolphin 101014 18 



OH THIS CONSTELLATIONS. 
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THE ANCIENT CONSTELLATIONS CONTINUED. 









1 




- 


1 11 


1 






ft: ^S5 


^ 


Equulus 


The Horse's Head 


446 


10 


Pegasus 


The Flying Horse 


20 19 38 


89 


Andromeda 


Andromeda 


23 23 47 


66 


Triangulum 


The Triangle 


4 4 12 


16 


Aries 


The Ram 


18 21 27 


66 


Taurus 


The Bull 


44 43 51 


141 


Gemini 


The Twins 


25 25 38 


85 


Cancer 


The Crab 


23 15 29 


83 


Leo 


The Lion ) 


,^ 30 49 


95 


Coma Berenices Berenice's HairJ 


"** 14 21 


43 


Virgo 


The Virgin 


32 33 50 


110 


Libra 


The Scales 


17 10 20 


51 


Scorpius 


The Scorpion 


24 10 20 


44 


Sagittarius 


The Archer 


31 14 22 


69 


Caprico;'nus 


The Goat 


28 28 29 


51 


Aquarius 


The Water-bearer 


45 41 47 


108 


Pisces 


The Fishes 


38 36 39 


113 


Cetus 


The Whale 


22 21 45 


97 


Orion 


Orion 


38 42 62 


78 


Eridanus 


Eridanus 


34 10 27 


84 


Lepus 


The Hare 


12 13 16 


19 


Canis Major 


The Great Dog 


29 13 21 


31 


Canis Minor 


The Little Dog 


2 2 13 


'< 14 


Argo 


The Ship 


45 3 4 


64 


Hydra 


The Hydra 


27 19 3*1 


60 


Crater 


The Cup 


7 3 10 


31 


Corvus 


The Crow 


740 


9 


Centaurus 


The Centaur 


37 


35 


Lupus 


The Wolf 


19 


24 


Ara 


The Altar 


700 


9 


Corona Australis The Southern Crown 13 


12 


Pisces Australis The Southern Fish 


18 


24 
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Oii THB CX)Mn£LLATl(ms. 



THE NEW SOUTHERN CONSTELLATIONS. 



Columba Noachi 

Robur Carolinum 

Grus 

Phoenix 

Indus 

Pavo 

Apus^ ^vis Indica 

Apis^ Mtisca 

Chaoisleon 

Triangulum Australe 

Piscis volans, Passer 

Dorado, Xiphias 

Toucan 

Hydrus 



Noah's Dove - - • 
The Royal Oak - • 
The Crane - - - . 
The Phoenix - - - 
The Indian - - - 
The Peacock - - 
The Bird of Paradise . 
The Bee, or Fly - « 
The Chameleon - 
ITie South Triangle • 
The Fly in gFish - - 
The Sword Fish - • 
T^ie.Amerioan Goose 
The Water Snake - 



10 

12 

13 

13 

12 

14 

11 

4 

10 

5 

8 

6 

9 
10 



HEVELlUSt CONSTELLjtTlONS, 
MADE OUT OF THE UNFOBMBD STARS. 



Lynx 


The Lynx 


19 


44 


Leo Minor 


The Little Lion 




53 


Asteron and Chara 


The Greyhounds 


23 


25 


Cerberus 


Cerberus 


4 




Vulpecula and Anser 


The Fox and Goose 


27 


35 


Scutum Sobieski 


Sobieski's Shield 


7 




Lacerta 


The Lizard 




16 


Camelopardalis 


The Camelopard 


32 


58 


Monoceros 


The Unicorn 


19 


31 


Sextans 


The Sextant 


11 


41 



Besides the letters which are prefixed to the stars, 
many of them have names, as Regulus, Sirms, 
ArctimiSy &c. 

(366.) Kepler^ who was afterwards, in this conjec- 
ture, followed by Dr. Halley^ has made a very inge- 
nious observation upon the magnitudes and distances 
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of the fixed stars. He observes, that there can be only 
13 points upon the surface of a sphere as far distant 
from each other as from the center ; and supposing 
the nearest fixed stars to be as far from each other as 
from the sun, he concludes that there can be only 
thirteen stars of the first magnitude. Hence, at twice 
that distance from the sun, there may be placed four 
times as many,, or 52; at thrfee times that distance, 
nine times as many, or 1 17; and so on. These num* 
bers will give, pretty nearly, the number of stars of the 
first, second, third, &c. magnitudes. Dr. Halley 
further remarks, that if the number of stars be finite, 
and occupy only a part of space, the outward stars 
would be continually attracted towards tliose which are 
within, and, in process of time, they would coalesce 
and unite into one. But if the number be infinite, 
and they occupy an infinite space^ all the parts would 
be nearly in equilibrio, and consequently, each fixed 
star being drawn in opposite directions, would keep 
it's place, or move on till it had found an equilibrium. 
Phil Trans. N^ 364. 



On the Catalogttes of the Fixed Stars. 

(367.) At the time of Hipparchus of Rhodes^ about 
120 years before J. C. a new star appeared, upon 
which he set about numbering the fixed stars, and re- 
ducing ^hem to a Catalogue^ that posterity might 
know whether any changes had taken place in the 
heavens. Ptolemy^ however, mentions that Tymocharis 
and Arystillus left several observations made 180 years 
before. The catalogue of jHi/?/>arcAi^v contained 1022 
stars, with their latitudes and longitudes, which 
Ptolemy published, with the addition of four more. 
These Astronomers made their observations with an 
armillary sphere, placing the armilla, or hoop repre- 
senting the ecliptic, to coincide with the ecliptic in the 
heavens by means of the sun in the day-time, and 

s 
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then they determined the place oi the moon in respect 
of the sun by a moveable circle of latitude. The next 
night by the help of the moon (whose place before 
found they corrected by allowing for it's motion in the 
interval of time) they placed the hoop in such a situa* 
tion as was agreeable to the present moment of time, 
and then compared, in like manner, the places of the 
stars with the moon. Thus they found the latitudes 
and longitudes of the stars ; it could not, however, be 
done with such an instrument to any very great degree 
of accuracy. Ptolemy adapted his catalogue to the 
year 137 ^^^^ J.C.; but supposing, with HipparchuSj 
who made the discovery, the precession of the equi- 
noxes to be P in 100 years, instead of about 72 years, he 
only added 2"". 40'. to the numbers in Hipparckus for 
S65 years (the difference of the epochs) instead of S"". 
42\ 22", according to Dr. Maskelyne^ Tables. To 
compare his Tables, therefore, with the present, we 
must first increase his numbers by 1^. 2\ 22'^, and 
then allow for the precession from that time to this. 
The next Astronomer who observed the fixed stars 
a-new, was Ulugh Beigh, thtf grandson of Tamer-- 
lane the Great; he made a catalogue of 1022 stars, 
reduced to the year 1437* fVUMam^ the most illus- 
trious Landgrave of Hesse, made a catalogue of 400 
stars which he observed ; be computed their latitudes 
and longitudes from their observed right asoensions and 
declinations. In the year l6lO, TyclM Brake* ^ cata- 
logue of 7JJ stars was published from bis own^bserva- 
tions, made with great care and diligence. It was 
afterwards, in 1627, copied into the Rudolphine 
Tables^ and increased by 223 stars, from other observa- 
tions of Tycho. Instead of a zodiacal armilla^ Tycho 
substituted the equatorial armilla, by which he ob- 
served the diflerencc of right ascensions, and the de- 
clinations, out of the meridian, the meridian altitude 
being always made use of to confirm the others. From 
thence he computed the latitudes and longitudes. 
Tycho compared Venus with the sun, and tb^n the 



CATALOGUES OF THE FIXEP STARS Sf^ 

Other stars with Venus^ allowing for it's parallax and 
refraction ; and having thus ascertained the places of 
a few stars^ he settled the rest from them ; and although 
his instrument was very large, and constructed with 
great accuracy, yet, not having pendulum clocks to 
measure his time, his observations cannot be very ac- 
curate. The next catalogue was that of R. P. RicchiuSy 
which was taken from Tycho^s^ except 101 stars which 
he himself had observed. Hevelius of Dantzick, ia 
1-690, published a catalogue of .1930 stars, of which 
950 were known to the ancients ; 603 he calls his 
own, because they had not been accurately observed by 
any one before himself; and 377 of Dr. HaUey, 
which were invisible to his hemisphere. Their places 
were fixed for the year 1 660. The British Cata^ 
logue, which was published by Mr. Flamstead, con- 
tains 3000 stars, rectified for the year 1689. They 
are distinguished into seven degrees of magnitude (of 
which the seventh degree is telescopic) in tlieir proper 
constellations. This catalogue is more correct than 
any of the others, the observations having been made 
with better instruments. He also published an Atlas 
Ccdestis, or maps of the stars, in which each star is 
laid down in it's true place, and delineated of it's own 
magnitude. Each star is marked with a letter, begin- 
ning with the first letter a of the Greek alphabet for 
the largest star of each constellation, and so on, ac- 
cording to their magnitudes, following, in this respect, 
the charts of the same kind which were published by 
J. Bayer, a German, j603. In the year 1757> T^f 
de la Cattle published his Fundamenta Astronomice^ 
in which there is a catalogue of 397 stars.; and in 17^3, 
he published a catalogue of 1942 southern stars, from 
the tropic of Capricorn to the south pole, with their 
right ascensions and declinations for 1750. He also 
published a catalogue of zodiacal stars in the Epheme-- 
rides from 1766 to 1774. Mr. Mayer also published 
a catalogue of 600 zodiacal stars. In the Nautical 
Almanac for 1773, there is published a catalogue of 

sa 
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380 stars observed by Dr. BrcMey^ with their longi* 
tudes and latitudes. In the year 178^9 J* E. Bode^ 
Astronomer at Berlin, published a set of Celestial 
Charts, containing a greater number of stars than in 
those of Mr. Flamsteadj with many of the double 
stars and nebulae. He also published^ in the same 
work^ a catalogue of stars, that of Flamstead being the 
foundation, omitting some stars, whose positions were 
left incomplete, and altering the numbers ; to which 
he has added stars from Hevelius, M. de la Caille^ 
Mayer, and others. In the year 177^, there was 
published at Berlin, a work entitled Rectieilde Tables 
Astronomiques, in which is contained a very large 
catalogue of stars from Hevelius^ Flamstead^ M, de la 
Caille, and Dr. Bradley , with their latitudes and 
longitudes for the beginning of 1 800 ; with a catalogue 
of the southern stars of M. de la Caille ; of double 
stars ; of changeable stars, and of nebulous stars. This 
is a very useful work for the practical Astronomer. 
But the most complete catalogue is that published by 
the Rev. Mr. IVollaston^ F. R. S. in 1789, entitled, 
A Specimen of a General Astronomical Catalogue, 
arranged in Zones of North Polar Distance, and 
adapted to January 1, 1 790 ; containing a Compara- 
tive View of the Mean Positions of Stars, as they 
come out upon Calculation Jrom the Tables of several 
principal Observers. 

' On the Proper Motions of the Fijced Stars. 

(368.) Dr. Mashelyne, in the explanation and use 
of bis Tables, which be published with the first volume 
of his Observations, observes, that many, if not all 
the fixed stars, have small motions among themselves, 
which are called their Proper Motions ; the cause and 
laws of which are hid, for the present, in almost equal 
obscurity. From comparing his own observations at 
that time, with those of Dr. Bradley, Mr. Flamstead, 
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and Mr. Roemer, he then found the annual proper 
motion of the following stars^ in right ascension^ to be, 
of Sirius - 0",63, of Castor - 0",28, of Procyon - (y',8, 
of P0//11X— 0",93, of Reguhis -- Q'\A\ y of Arcturus 
— 1 ",4, and of a AquiUe + o",57 ; and of Sirius in north 
polar distance l",20, and of Arcturus 2",01, both 
southwards. But since that time he had continued 
his observations^ and from a catalogue of right ascen- 
sions of 36 principal stars (which he communicated to 
Mr. ffhllaston, and which is found in his work), it 
appears that 35 of them have 2i proper motion, in right 
ascension. 

(369.) In the year 17 69, M. Mayer observed 80 
stars, and compared them with the observations of 
Roemer in 1700. M. Mayer is of opinion, that (from 
the goodness of the instruments with which the ob- 
servations were made) where the disagreement is at 
least 10^' or 15'^ it is a very probable indication of a 
proper motion of such a star. He further adds, that 
when the disagreement is so great as he has found it 
in some of the stars, amongst which is Fomahand, 
where the diflference was 21" in 50 years, he has no 
doubt of a proper motion. Dr. JUerschel following 
Mayer^s judgement of his own and Roemer's observa- 
tions^ has compared the observations, and leaving out 
of his account all those stars which did not show a dis- 
agreement amounting to 10'', he found that 56 of 
them had a proper motion. From thence he attempts 
to deduce the motion of the solar system in the foK 
lowing manner. 

(3.70.) If th^ sun be in motion as well as the stars, 
the effects will be altered according to their motion, 
compared with the motion of our sun. Sopie of them, 
therefore, from their own proper motions, might de- 
stroy, or more than counteract, the effects arising from 
the motion of the sun. In whatever direction our 
system should move, it would be very easy to find 
what effect in latitude and longitude would have taken 
place upon any star, by means of a celestial globe^ by 
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conceiving the sun to move firom the center upon any 
radius directed to the point to which the sun is mov- 
ing. Dr. Hei^achel describes the effect thus. Let an 
arc of 90^ be applied to the surface of a globe, and 
always passing through that point to which the motion 
of the system is directed. Then whilst one end moves 
along the equator, the other will describe a curve 
passing through it's pole, and returning into itself; 
and the stars in the northern hemisphere^ wkhin this 
curve, will appear to move to the north ; and the rest 
will go to the south. A similar curve may be described 
in the southern hemisphere, and like appearances will 
take place. 

(371.) Now Dr. Herschel first takes the seven stars 
before mentioned, whose proper motions had been de- ' 
termined by Dr. Maskelt/ne, and be finds, that if a 
point be assumed about the 77^ of right ascension, and 
the sun to move from it^ it will account for all the 
motions in right ascension. And if, instead of sup- 
posing the sun to move in the plane of the equator, it 
should ascend to a point near to X Herculisy it will ac- 
count for the observed change of declination of Sirms 
and Arcturus. In respect to the quantity of motion 
of each, that must depend upon their unknown rela- 
tive distances ; he only speaks here of the directions 
of the motions. 

(373.) He next takes twelve stars from the cata-^ 
logue of 56, whose proper motions have been deter- 
mined from a comparison of the observations ofBoemer 
and Mayer, and adds to them Regulus and Castor; 
these have all a proper motion in right ascension and 
declination, except Regulus, which has none in decli- 
nation. Qf these 27 motions, the above-supposed 
motion of the solar sytem will satisfy 22. There are 
also some remarkable circumstances in the quantities 
of these motions. Arcturus and Sirius being the 
largest, and therefore, probably, the nearest, ought to 
have the greatest apparent motion ; and so we find they 
have. Also, Arcturus is better situated to have a mo^ 
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tion in right ascension, and it has the gi^atest motion. 
Several other facts of the same kind are found also to 
take place. But there is a very remarkable circum- 
stance in respect to Castor. Castor is a double star; 
now, how extraordinary must appear the concurrence, 
that two such stars should both have a proper motion 
so exactly alike^ that they never have been found to 
vary a second ! This seems to point out the common 
cause, the motion of the solar system. 

(373.) Dr. Herschel next takes 32 more of the 
jsame catalogue of 56 stars^ and shows that their mo- 
tions agree very well with his supposed motion of the 
solar system. But the motions^ of the other 13 stars 
cannot be accounted for upon this hypothesis. In 
these, tlierefore, he supposes the ^fiect of the solar 
motion has been destroyed and counteracted by their 
own proper motions, x he same may be said of 19 
stars out of the 32, which only agree with the solar 
motion one way, and are, as to sense, at rest in the 
other. According to the rules of philosophising, 
therefore, which direct us to refer all phsenomena to as 
few and simple principles as are sufficient to explain 
them, Jiv. Herschel thinks we ought to admit the 
motion of the solar system. Perhaps, however, this 
argument cannot be properly applied here, because 
there is no new cause or principle introduced, by sup- 
posing each star to have a proper motion. Admitting 
the doctrine of universal gravitation, the fixed stars 
ought to move as well as the sun. But the sun's mo- 
tion, as here estimated, cannot be owing to the action 
of a body upon it which might give it a rotatory motion 
at the same time, as M. de la Lande conjectures; 
because a body acting on the sun, to give it it's rota- 
tion about it's axis, would not, at the same time, give 
it that progressive motion. See Dr. Herschet^AccoMvA 
in the Phil. Trans. 1783. 

(374.) But it will be proper to consider how far 
this motion of the solar system agrees with the proper 
motion of the 33 stars determined by pr. Mashelyne. 
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Now, upon supposition that the sun moves, as conjee* 
lured by Dr. Herschel^ that motion will account for 
the motion of 20 of them, so far as regards their di- 
rections ; but the motion of the other 15 is contrary to 
that which ought to arise from this supposition. As 
some of the stars must have a proper motion of their 
own, even upon the hypotliesis of a solar motion, and 
which probably arises from their mutual attraction, it 
is very probable that they have all a proper motion 
from the same cause, but most of them so very small, 
as not y^t to have been discovered. And it might also 
happen, that such a motion might be the same as that 
which would arise from the motion of the solar system. 
Yet it must be confessed, that the circumstance of 
Castor, and the motions, both in right ascension and 
declination, of many of the stars being such as arise 
from this hypothesis, with the apparent motion of 
those stars being greatest which are probably nearest, 
form a strong argument in it's favour. 

On the Zodiacal Light. 

(375.) The Zodiacal Light is a pyramid of light 
which sometimes appears in the morning before 
sun-rise, and in the evening after sun-set. It has 
the sun for it's basis, and in appearance resembles 
the Aurora Borealis. It's sides are not straight, 
but a little curved, it's figure resembling a lens edge- 
ways. It is generally seen here about October and 
March, that being the time of our shortest twilight; 
for it cannot be seen in the twilight; and when the 
twilight lasts a considerable time, it is withdrawn 
before the twilight ends. It was observed by M. 
Cassiniy in l683, a little before the vernal equinox, in 
the evening, extending along the ecliptic from the sun. 
He thinks, however, that it has appeared formerly, 
and afterwards disappeared, from an observatipn of 
Mr. J. Childrey, in a book published in 1661, en- 
titled, Britannia Baconia. He says, that " in the 
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month of February, for several years, about six o'clock 
in the evening, after twilight, he saw a path of light 
tending from the twilight towards the PleiadeSj as it 
were touching them. This is to be seen whenever the 
weather is clear, but best when the moon does not 
shine. I believe this phaenomenon has been formerly^ 
and will hereafter appear always at the above-men* 
tinned time of the year. But the cause and nature of 
it I cannot guess at, and therefore leave it to the en- 
quiry of posterity." From this description, there can 
be no doubt but that this was the zodiacal light. He 
suspects also, that this is what the ancients called 
TrabeSy which word they used for a meteor, or im- 
pression in the air like a beam. Pliny ^ lib. II. p. 26, 
says, Emicant Trabes, quos docos vocant. Des Cartes 
also speaks of a phsenomenon of the same kind. M. 
Fatix) de Duillier observed it immediately after the 
discovery by M. Cassini, and suspected that it had 
always appeared. It was soon after observed by M. 
Kirch and Eimmart in Germany. In the year 1707, 
on April 3, it was observed by Mr. Derham, in Essex. 
It appeared in the western part of the heavens, about 
a quarter of an hour after sun-set, in the form of a py- 
ramid, perpendicular to the horizon. The base of this 
pyramid he judged to be the sun. It's vertex reached 
15° or 20'' above the horizon. It was throughout of a 
dusky red colour, and at first appeared pretty vivid 
and strong, but faintest at the top. It grew fainter by 
degrees, and vanished about an hour after sun-set. 
This solar atmosphere has also been seen about the 
sun in a total solar eclipse, a luminous ring appearing ^ 
about the moon at the time when the eclipse was 
total. . • 

(376.) M. Fatio conjectured, that this appearance 
arises from a collection of corpuscles encompassing the 
sun in the form of a lens, reflecting the light of the 
sun. M. Cassini supposed that it might arise from an 
infinite number of planets revolving about the sun ; so 
that this light might owe it's existence to these bodies. 
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de St. Pierre. Upon this, Mr. Flamstead was ap- 
pointed Astronomer Royal, and an Observatory was 
built at Greenwich for him ; and the instructions to 
him and his successors were, '^ That they should apply 
themselves with the utmost care and diligence to 
rectify the Tables of the motions of the heavens, and 
the places of the fixed starsj in order to find out 
the so-much desired longitude at sea, for the perfecting 
of the art of navigation." 

(378.) In the year 1714, the British Parliament 
offered a reward for the discovery of the longitude ; 
the sum of lOOOO/. if the method determined the 
longitude to l"" of a great circle, or 60 geographical 
miles ; of 15000/. if it determined it to 40 miles ; and 
of 20000/. if it determined it to 30 miles; with this 
proviso, that if any such method extend no further 
than 80 miles adjoining to the coast, the proposer shall 
have no more than half such rewards *. The Act also 
appoints the First Lord of the Admiralty, the Speaker 
of the House of Commons, the First Commissioner of 
Trade, the Admirals of the Red, White, and Blue 
Squadrons, the Master of Trinity-House, tjie President 
of the Royal Society, the Royal Astronomer at Green- 
wich^ the two Savilian Professoi-s at Oxford, and the 
Lucasian and Plumian Professors at Cambridge, with 
several other persons, as Commissioners for the Longi- 
tude at Sea. The Lowndian Professor at Cambridge 
was afterwards added. After this Act of Parliament, 
several other Acts passed, in the reigns of George II. 
and III, for the encouragement of finding the longi- 
tude. At last, in the year 1774, an Act passed, re- 
pealing all other Acts, and offering separate rewards to 
any person who shall discover the longitude, either by 
the lunar method, or by a watch keeping, true time, 
within certain limits, or by any other method. The 



• See Whiston^s account of the proceedings to obtain this Act, in 
tb« Preface to his Longitude discovered by Jupiter's Planets, 
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Act proposes, as a reward for a time-keeper, the sum 
of 5000/. if it determine the longitude to 1°, or 6o geo- 
graphical miles ; the sum of 7500/. if it determine the 
same to 40 miles ; and the sum of lOOOO/. if it deter- 
mine the same to 30 miles, after proper trials specified 
in the act. If the method be by improved solar and 
lunar Tables, constructed upon Sir /. Newton^s theory 
of gravitation, the author shall be entitled to 5000/. if 
such Tables shall show the distance of the moon from 
the sun and stars within 15" of a degree, answering to 
about 7' of longitude, after making an allowance of half 
a degree for the errors of observation. And for any 
other method, the same rewards are offered as those 
for the time-keeper, provided it gives the longitude 
true within the same limits, and be practicable at sea. 
The commissioners have also a power of giving smaller 
rewards, as they shall judge proper, to any one who 
shall make any discovery for finding the longitude at 
sea, though not within the above limits. Provided, 
however, that if such person or persons shall afterwards 
make any further discovery so as to come within the 
above-mentioned limits, such sum br sums, as they 
may have received, shall be considered as part of such 
greater reward, and deducted therefrom accordingly. 

(379.) After the decease of Mr. Flamsteady Dr. 
Halleyy who was appointed to succeed him, made a 
series of observations on the moon s transit over the 
meridian, for a complete revolution of the moon's 
apogee, which observations being computed from the 
Tables then extant, he was enabled to correct the 
Tables of the moon's motion. And as Mr. Hadley 
had then invented an instrument by which altitudes 
could be taken at sea, and also the moon's distance 
irom the sun or a fixed star. Dr. Halley strongly re- 
commended the method of finding the longitude from 
such observations, having found, from experience, the 
impracticability of all other methods, particularly at 
sea. 
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To find the Longitude by the MooiCs Distance from 

the Sun, or a fixed Star. 

(dSO.) The steps by which the longitude is found 
by this method^ are these : 

From the observed altitudes of the moon and the 
sun, or a fixed star, and their observed distance, com- 
pute the moon's tfne distance from the sun or star. 

From the Nautical Almanac^ find the time at 
Greenwich when the moon was at that distance. 

From the altitude of the sun or star, find the time 
at the place of observation. 

The difEirence of the times thus found, gives the 
difference of the longitudes. 

(381.) To find the true distance of the moon from 
the sun or star by observation, let Z be the zenith, S 
the apparent place of the sun or a star, s the true place, 

z 




M the apparent place of the moon, m it's true place ; 
then the altitudes of il/and s being known, by observa- 
tion, the refractions Ss, Mm are known ; also MS is 
known by observation ; hence, in the triangle ZSMy 
we know SM the apparent distance, SZ, ZMy the 
complements of the apparent altitudes, to find the 
angle Z (Trig. Art. 239) ; and then in the triangle 
sZm, we know the angle Z, and sZ, mZ, the comple- 
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tnents of the true altitudes, to find sm the tme 
distance* (Trig. Art. 233). 

Ex. Suppose on June 29, 1793, the sun's apparent 
zenith distance ZS was observed to be 70^. 56', 24", 
the moon's apparent zenith distance ZAf to be 48*, 
63'. 58", their apparent distance SM to be 103^. 29'. 
27", and the moon's horizontal parallax to be 58'. 36"; 
to find their true distance sm. 

The true distance sm, computed by the above 
method, is 103\ 3'. 18". 

(382.) The /nee distance of the moon from the sun 
or star being thus found, we are next to find the time 
at Greenwich. For this purpose, the sun or such 
fixed stars are chosen, as he in or very near the moon's 
way, so that, looking upon the moon's motion to be 
uniform for a small time, the moon may be considered 
as approaching to, or receding from, the sun or star 
uniformly. To determine, therefore, the time at 
Greenwich corresponding to any given true distance of 
the moon from the sun or star, the true distance is 
computed in the Nautical Almanac for every three 
hours, for the meridian of Greenwich. Hence, con* 
sidering that distance as varying uniformly, the time 
corresponding to any other true distance may be thus 
computed: Look into the Nautical Almanac ^ and 
take out two distances, one next greatetr and the other 
next less than the true distance'deduced firom observa-^ 
tion, and the difference D of these distances gives the 
access of the moon to, or recess fi'om, the sqn or star 
in three hours; then take the difierence d between the 
moon's distance at the beginning of that interval and 
the distance deduced from observation, and then say, 
D I d II 3 hours : the time the moon is seceding to, or 
receding from, the sun or star by thequantity d\ which 



• There are shorter methods than this direct one, of computing 
the true distance, as the reader will see in my Complete System qf 
Astronofmfi but we here purpose only to explain the principles by 
which the longitude may be thus found. 
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adLded to the time at the beginning of the interval, gives 
the apparent time at Greenwich, corresponding to the 
given true distance of the moon from the sun or star. 
E%. On June 29, 1793, in latitude 52°, 12'. 35'', the 
sun's- altitude in the morning was, by observation, 19"*. 
3\ 3&\ the moon's altitude was observed to be 41°. 6\ 
2'\ the sun's decHnation at that time was 23"^. 14'. 4'\ 
and the moon's horizontal parallax 58\ 35'' ; to find 
the apparent time at Greenwich. 

True dist. of ^ from by Art. 381. - 103°. 3'. 18" 
Trucdist.byiVau^^/i?t. on June 29, at 3^.103. 4. 58 
True dist. by iVau^.^/m. on June 29, at 6A. 101. 26. 42 

d= O. 1. 40 

2>= 1. 38. 16 

Hence, 1°. 38'. 16". : O*. 1'. 40" : 3h. :: 0\ 3'. 3", 
which added to SL gives 3^. 3'. 3", the apparent time 
at Greenwich, when the ^rtie distance was 103°. 3'. 18". 

(383.) Find the apparent time at the place of ob- 
sen^ation, by the altitude of the sun (12). Then the 
diflerence of the times at Greenwich, and at the place 
of observation, is the distance of the meridians in time. 

(384.) Now to find the apparent time at the place 
of observation, we have the sun's declination 23"*. 14'. 
4", it's altitude 19°. 3'. 36", it's refraction 2'. 44", and 
parallax 8"; hence, it's true altitude was 19"*. l', and 
therefore it's true zenith distance was 70°. 69' ; also, 
the complement of declination was 66^. 45'. 36"; hence, 
by Art. 92 : 

66"". 46'. 56" . - ar. co. sin. 0,036/325 
37. 47. 25 - - ar. CO. sin. 0,2127004 
70. 56. 24 



175. 29. 45 



87. 44. 52 . , - - sin. 9^,9996644 
16. 48. 28 ... - sin. 9,4601408 

2)19,70.92381. 



9,8546190 
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the cosine of 44^. 18'. 53", which doubled gives 88^' 
SJ\ 44!' y the hour-angle from apparent noon^ which in 
time gives bk. i4\ 3V\ the titne before appsu^nt nooa^ 
or I8h. 5\ 29", on June 28. Hence, 

Apparent time at place of obse'rv. June 28, 18\ 5'. 2^^ 
' -at Greenwich, June 29, 3. 3. 3 

Difference of meridians in time - . - 8. d/. 34 

Which converted into degrees, gives 134^ 23'. 30^, 
the longitude of the place of observation west of 
Oreenwich. 

To find the Langitvde hy a Time-heeper. 

(385.) Let the time-keeper be well regulated^ and 
flet to the meridian of Greenwich ; then if it neither 
gain nor lose, it will always show the time at Green* 
wich. Hence, to find the longitude of any other 
place, find the mean time from the sun's altitude by 
Art. ^2 ; and observe, at the instaut of taking the alti* 
tude, the time by the watch; and the difference dP 
these times, converted into degrees, at the rate of 15^ 
for an hour, gives the longitude from Greenwich. li^ 
for example, the time by the watch, when the altitude 
was taken was 6h. 19', and the mean time deduced 
from that altitude was ^h. 2S\ the difference 3h. 4\ 
converted into degrees, gives 46^ the longitude of the 
place east from Greenwich, because the time at the 
place of observation is forwarder than that at Green- 
wich. Thus the longitude could be very readily 
determined, if you could depend upon the watch. 
But as a watch will always gain or lose, before it is sent 
out, it's gaining or losing every day for some time, a 
month for instance, is observed; this is called the 
rate of going of the watch, and from thence the mean 
rate of going is thus found. 

(386.) Suppose, for instance, I examine the rate of a 
watch for 30 ^ys; on some of those days Und it ha9 
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gained, and on some it has lost; add tog^er alt the 
quantities which it has gained, and suppose they 
amount to 17"'; add tc^ether all the quantities which 
it has lost, and let the sum be 13'' ; then thediflference 
4" is the mean rate of gaining for 30 days, which 
divided by 30, gives 0'',133 for a mean daily rate of 

f lining. Or you may get the mean daily rate thus, 
ake ue difference between what the watch was too 
fast, or too slow, on the first and last days of observa- 
tion, if it be too fast or too slow on each day; but take 
the sum, if it be too fast on one day and too slow on 
the other, and divide by the number of days between 
the observations *• And to find the time at the place 
of trial at any future period by this watch, you must 
put down, at the end of the trial, how much the watch 
IS too fiist or too slow ; then subtract from the time 
shown by the watch, 0^133 x number of days from 
the end of the trial, being the exact quantity which it 
has gained according to the above mean rate of gaining 
and you are then supposed to get the true time afifected 
with the error at the end <^ the trial. This would be 
all the error, if the watch had continued to gain ac- 
cording to the above rate; and although, from the 
dififerent temperatures of the air to which the watch 
may be exposed, and from the imperfection of the 
workmanship, this cannot be expected, yet, by taking 
it into consideration, the probable error of the time 
will be diminished. In watches which are under trial 
at the Royal Observatory at Greenwich, as candidates 
for the rewards ofiered by Parliament for the discovery 
of the longitude, this allowance of a mean rate, to be 
applied in order to get the time, is not granted by the 
Act of Parliament, but it requires that the watch itself 
should go within the limits assigned; the Commission* 
ers, however, are so indulgent as to grant the applica- 



* For further informatioQ od this subject, sue Mr* Wales's 

Method qf Ending the Longitude at Sfa. y 



UPON THE £ARTH*S SURFACE. 291 

tion of a mean rate, which is undoubtedly favourable 
to the watches. 

(387.) As the rate of going of a watch is subject to 
vary from so many circumstances^ the observer, when- 
ever he goes ashore and has sufficient time, should 
compare his watch, for several days, with the mean 
time deduced from the altitude of the sun or a star, by 
which he will be able to determine it's rate of going. 
And whenever he comes to a place whose longitude is 
known, he may correct his watch, and set it to Green- 
wich time. For instance, if he go to a place known to 
be 30**. east longitude from Greenwich, his watch 
should be two hours slower than the time at that place. 
Find therefore, the time at that place by the altitude 
of the sun or a fixed star, and correct it by the equation 
of time, and compare the time so found with the time 
by the watch when the altitude was taken, and if the 
watch be two hours slower than the time deduced from 
observation, it is right ; if not, correct it by the dif- 
ference, and it again gives Greenwich time. 

(388.) In long voyages, unless you have sometimes 
the means of adjusting the watch to Greenwich time, 
it's error will probably be very considerable, and conse- 
quently the longitude deduced from it will be subject 
to a proportional error. In short voyages, a watch is 
undoubtedly very useful, and also in long ones, where 
you have the means of correcting it from time to time. 
It serves to carry on the longitude from one known 
place to another, supposing the interval of time not to 
be very long ; or to keep the longitude from that 
which is deduced from a lunar observation, till you can 
get another observation. Thus the watch may be 
rendered of great service in Navigation. 

To find the Longitude by an Eclipse of the Moon, 

and of Jupiter s Satellites. 

(389.) By an eclipse of the moon. This eclipse 
lt>egins'when the umbra of the earth first touches the 

T 3 
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moon, and it ends when it leaves the moon. Having 
the times calculated when the eclipse begins and ends 
at Greenwich, observe the times when it begins and 
ends at any other place ; the difference of these times 
converted into degrees, gives the difference of longi- 
tudes. For as the phases of the moon in an eclipse 
happen at the same instant to every observer, the dif- 
ference of the times at different places, when any 
phase is observed, will give the difference of the longi- 
tudes. This would be a very ready and' accurate 
method, if the time of the first and last contact could 
be accurately observed ; but the darkness of the pe- 
numbra continues to increase till it comes to the 
umbra, so that, until the umbra actually gets upon the 
moon, it is not discovered. The umbra itself is also 
very badly defined. The beginning and end of a lunar 
eclipse cannot, in general, be determined nearer than 
1' of time; and very often not nearer than 2' or 3'. 
Upon these accounts, the longitude, from the observed 
beginning and end of an eclipse, is subject to a con- 
siderable degree of uncertainty. Astronomers, there- 
fore, determine the difference of the longitudes of two 
places by corresponding observations of other phases^ 
that is, when the umbra bisects any of the spots upon 
the moon's surface. And this can be determined with 
a greater degree of accuracy than the beginning and 
end; . because, when the umbra is gotten upon the 
moon's surface, the observer has leisure to consider and 
fix upon the proper line of termination, in which he 
will be assisted by running his eye along the circum- 
ference of the umbra. Thus the coincidence of the 
umbra with the spots may be observed with tolerable 
accuracy. The observer, therefore, should have a 
good map of the moon at hand, that he may not 
mistake. The telescope, to observe a lunar eclipse, 
should have but a small magnifying power with a 
great deal of light. The shadow comes upon the 
moon on the east side, and goes off* on the west ; but 
if the telescope invert, the appearances will be contrary; 
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' (390.) The eclipses of Jupiter's satellites afford the 
readiest method of determining the longitude of places 
at land. It was also hoped that sonfe method might 
be invented to observe them at sea, and Mr. Irwin 
made a chair to swing for that purpose, for the observer 
to sit in ; but Dr. Mashelyne, in a voyage to Barba- 
does, under the direction of the Commissioners of 
Longitude, found it totally impracticable to derive any 
advantage from it ; and he observes, that, ^^ consider- 
ing the great power requisite in a telescope for making 
these observations well, and the violence as well as 
irregularities of the motion of a ship, I am afraid the 
complete management of a telescope on ship-board 
will always remain among the desiderata. However, 
I would not be understo^ to mean to discourage any 
attempt, founded upon good principles, to get over 
this difficulty." The telescopes proper for making 
these observations, are common refracting ones from 
15 to 20 feet, reflecting ones of 18 inches or 2 feet, or 
the 46-inch achrom^itic with three object glasses, 
which were first made by Mr. Dolland. On account 
of the uncertainty of the theory erf the satellites, the 
observer must be settled at his telescope a few minutes, 
before the expected time of an immersion ; and if the 
longitude of the place be also uncertain, he must look 
out proportionably sooner. Thus, if the longitude be 
uncertain to 3°, answering to eight minutes of time, he 
must begin to look out eight minutes sooner than is 
mentioned above. However, when he has observed 
one eclipse, and found the error of the Tables, he may 
allow the sanie correction to the calculations of the 
Ephemeris for several months, which will advertise 
him very nearly of the time of expecting the eclipses 
of the same satellite, and dispense with bis attending 
so long. Before the opposition of Jupiter to the sun, 
the immersions and emersions happen on the west side 
of Jupiter, and after opposition, on the east side ; but 
if the telescope invert, the appeaiance will be the con- 
trary. Before opposition^ the immersions only of the 
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first satellite are visible; and after opposition^ the 
emersions only. ^ The same is generally the case with 
respect to the second satellite ; but both immersion 
and emersion are frequently observed in the two outer 
satellites. 

(391.) When the observer is waiting for an emer- 
sion^ as soon as he susj^ects that he sees it, he should 
look at his watch, and note the second, or begin to 
count the beats of the clock, till he is sure that it is 
the satellite, and then look at the c|ock, and subtract 
the number of seconds which he has Counted from the 
time then observed, and he will have the time of emer- 
sion. If Jupiter be 8^ above the horizon, and the sun 
as much below, an eclipse will be visible ; this may be 
determined near enough by a common globe. 

(392.) The immersion or emersion of a satellite 
being observed according to apparent time, the longi- 
tude of the place from Greenwich is found, by taking 
the difference between that time and the time set down 
in the Nautical Almanac^ which -is calculated for ap- 
parent time. 

Ex. Suppose the emersion of a satellite to have been 
observed at the Cape of Good Hope, May 9, 17^7^ a* 
lOh. 4&. Ab" apparent time; now the time in the 
Nautical Almanac is 9A. 33'. 12''; the difference of 
which time is \h. 13^. 33", the longitude of the Cape 
east of Greenwich in time, or 1 8^ 23'. 1 b'\ 

(393.) But to find the longitude of a place from an 
observation of an eclipse of a satellite, it is better to 
compare it with an observation made under some well- 
known meridian, than with the calculations in the 
Ephemeris, because of the imperfection of the theory ; 
but where a corresponding observation cannot be ob- 
tained, find what correction the calculations of the 
Ephemeris require, by the nearest observations to the 
given time that can be obtained ; and this correction^ 
applied to the calculation of the given eclipse in the 
Ephemeris, rendeiC it almost equivalent to an actual 
t>bservation. The observer must be careful to regulate 
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his clock or watch by apparent time^ or lit least ' to 
know the di&rence ; this may be done, either by 
equal altitudes of the sun,- or of proper stars ; or the 
latitude being known, from one altitude at a distance 
from the meridian, the time may be found by Art. ^2. 
(394.) In order the better to determine the dif- 
ference of longitudes of two places from corresponding 
observations, the observers should be furnished with 
the same kind of telescopes. For at an immersion, as 
the satellite enters the shadow, it grows fainter and 
fainter, till at last the quantity of light is so small that 
it becomes invisible, even before it is immersed in the 
shadow ; the instant, therefore, that it becomes invisi- 
ble will depend upon the quantity of light which the 
telescope receives, and it's magnifying power. The 
instant, therefore, of the disappearance of a satellite 
will be later the better the telescope is, and the sooner 
it will appear at it's emersion. Now the immersion is 
the instant the satellite is wholly gotten into the 
shadow, and the emersion is the instant before it 
begins to emerge firom the shadow ; if, therefore, two 
telescopes show the disappearance or appearance of the 
satellite at the same distance of time from the immer- 
sion or emersion, the difference of the times will be 
the same as the difiei:ence of the true times of their 
immersions and emersions, and therefore will show 
the difference of longitudes accurately. . But if the 
observed time at one place be compared with the 
computed time at another, then we must allow for the 
difference between the apparent and true times of 
immersion or emersion, in order to get the true time 
where the observation was made, to compare with the 
true time from computation at the other place. This 
difference may be found, by observing an eclipse at any 
place whose longitude is known, and comparing it 
with the time by computation. Observers, therefore, 
should settle the difference accurately by the mean of 
a great number of observations thus compared with 
the computation, by which means the longitude will 
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hi ascertained to a mach greater accuracy and cer- 
tainty* After all this precaution, however, the different 
states of the air at diflferent times, and also the different 
states of the eye, will introduce a small degree of un- 
certainty ; the latter case may perhaps, in a great 
measure, be obviated/ if the observer will be careful to 
remove himself from all warmth and light for a little 
time before he makes the observation, that the eye 
may be reduced to a proper state ; which precaution 
the observer should also attend to, when he settles 
the difference between the apparent and true times of 
immersion and emersion. Ferhaps also the difference 
arising from the different states of the air might, by 
proper observations, be a.<certained to a considerable 
degree of accuracy; and as this method of determining 
the longitude is of all others, the most ready, no 
means ought to be left untried to reduce it to the 
greatest certainty. 
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TABLE I. 

Fw converting Degrees, Minutes and Seconds^ into 
Time, at the Rate of36o Degrees for 24 Hours. 



Deg. 


Hou» Min. 


Deg. 


Hou. Min. 


See. 


/>«.«/' ' 


Min, 


Min. Sec, 


Min. 


Min. Sec, 




See. 


1 





4 


30 


2 


1 


,066 


2 





8 


40 


2 40 


2 


,133 


3 





12 


50 


3 20 


3 


,2 


4 





16 


60 


4 


4 


,266 


5 





20 


70 


4 40 


5 


,33S 


6 





24 


80 


6 20 


6 


,4 


7 





28 


90 


6 


7 


,466 


8 





32 


100 


6 40 


8 


,533 


9 





36 


200 


13 20 


i9 


,6 


10 





40 


300 


20 


10 


,666 


20 


1 


20 






. — i- 



TABLE 11. 

For converting Time into Degrees^ Minutes, and 
Seconds, at the Rate of 2 A Hours for 36o Degrees. 



Hou. 


Deg. 


Min. 

See. 


Deg. 
Min. 


Afi». 

Sec. 


Dee.tf 

See. 


See. 


1 


15 


I 





15 


,1 


1,5 


2 


30 


2 





30 


,2 


3,0 


3 


45 


3 





45 


,3 


4,5 


4 


6o 


4 


1 





,4 


6,0 


5 


75 


5 


1 


15 


,5 


7,5 


6 


90 


6 


1 


30 


,« 


9,0 


7 


105 


7 


1 


45 


,7 


10,5 


8 


120 


.8 


2 





,8 


12,0 


9 


135 


9 


2 


15 


.9 


13,6 


10 


150 


10 


2 


30 






11 


l65 


20 


5 









12 


180 


30 


7 


30 






i6 


240 


40 


10 









20 


300 


50 


12 


30 


m^mmm 
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